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MAP OF VECTOR 



Major Late Transcription 



Ad 2 



Gene Ther^y vectors, 
which are especially useful for 
cystic fibrosis, and methods for 
using the vectors are disclosed. 
In preferred embodiments, the 
vectors are adenovirus-based. 
Advantages of adenovirus-based 
vectors for gene therapy are that 
they appear to be relatively safe 
and can be manipulated to encode 
the desired gene product and 
at the same time are inactivated 
in terms of their ability to 
replicate in a normal lytic 
viral life cycle. Additionally, 
adenovirus has a natural 
tropism for airway epithelia. 
Therefore, adenovirus-based 
vectors are particularly preferred 
for respiratory gene therapy 
applications such as gene 
therapy for cystic fibrosis. 
In one embodiment, the 
adenovirus-based gene therapy 
vector comprises an adenovirus 
2 serotype genome in which 
the Ela and Elb regions of the 
genome, which are involved in 

early stages of viral replication have been deleted and replaced by genetic material of ioterest (e.g., DNA encoding the cystic fibrosis 
transm^nbrane regulator protein). In another embodiment, the adenovirus-based therapy vector is a pseudo-adenovirus (PAV). PAVs 
contain no potentially harmful viral genes, have a theoretical capacity for foreign material of nearly 36 kb, may be produced in reasonably 
high titers and maintain the tropism of the parent adenovirus for dividing and non-dividing human target cell types. 
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GENE THERAPY FOR CYSTIC FIBROSIS 



Related Applications 

This application is a continuation-in-part application of United States Serial Number 
5 08/130,682, filed on October 1, 1993 which is a continuation-in-part application of United 
States Serial Number 07/985,478, filed on December 2, 1992, which is a continuation-in-part 
appUcation of United States Serial Number 07/613,592, filed on November 15, 1990, which 
is in tum a continuation-in-part application of United States Serial Number 07/589,295, filed 
on September 27, 1990, which is itself a continuation-in-part application of United States 

10 Serial Number 07/488,307, filed on March 5, 1990. The contents of all of the above co- 
pending patent applications are incorporated herein by reference. Definitions of language or 
terms not provided in the present application are the same as those set forth in the copending 
applications. Any reagents or materials used in the examples of the present application 
whose source is not expressly identified also is the same as those described in the copending 

15 application, e.g., AF508 CFTR gene and CFTR antibodies. 

Background of the Invention 

Cystic Fibrosis (CF) is the most common fatal genetic disease in humans (Boat, T.F. 
et al. in The Metabolic Basis of Inherited Diseases (Scriver, C.R. et al. eds., McGraw-Hill, 

20 New York (1989)). Approximately one in every 2,500 infants in the United States is bom 
with the disease. At the present time, there are approximately 30,000 CF patients in the 
United States. Despite current standard therapy, the median age of survival is only 26 years. 
Disease of the pulmonary airways is the major cause of morbidity and is responsible for 95% 
of the mortality. The first manifestation of lung disease is often a cough, followed by 

25 progressive dyspnea. Tenacious sputum becomes purulent because of colonization of 

Staphylococcus and then with Pseudomonas. Chronic bronchitis and bronchiectasis can be 
partially treated with current therapy, but the course is punctuated by increasingly frequent 
exacerbations of the pulmonary disease. As the disease progresses, the patient's activity is 
progressively limited. End-stage limg disease is heralded by increasing hypoxemia, 

30 pulmonary hypertension, and cor pulmonale. 

The upper airways of the nose and sinuses are also involved in CF. Most patients 
with CF develop chronic sinusitis. Nasal polyps occur in 15-20% of patients and are 
common by the second decade of life. Gastrointestinal problems are also frequent in CF; 
infants may suffer meconium ileus. Exocrine pancreatic insufficiency, which produces 

35 symptoms of malabsorption, is present in the large majority of patients with CF. Males are 
almost uniformly infertile and fertility is decreased in females. 

Based on both genetic and molecular analyses, a gene associated with CF was isolated 
as part of 21 individual cDNA clones and its protein product predicted (Kerem, B.S. et al. 
(1989) Science 245:1073-1080; Riordan, J.R. et al. (1989) Science 245:1066-1073; 
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Rommens, J.M. et al. (1989) Science 245:1059-1065)). United States Serial Number 
07/488,307 describes the construction of the gene into a continuous strand, expression of the 
gene as a fimctionEiI protein and confirmation that mutations of the gene are responsible for 
CF. {See also Gregory, RJ. et al. (1990) Nature 347:382-386; Rich, D.P. et al. (1990) Nature 
5 347:358-362). The co-pending patent application also discloses experiments which show that . ♦ 
proteins expressed from wild type but not a mutant version of the cDNA complemented the 
defect in the cAMP regulated chloride channel shown previously to be characteristic of CF. • 

The protein product of the CF associated gene is called the cystic fibrosis 
transmembrane conductance regulator (CFTR) (Riordan, J.R. et al. (1989) Science 245:1066- 

10 1073). CFTR is a protein of approximately 1480 amino acids made up of two repeated 

elements, each comprising six transmembrane segments and a nucleotide binding domain. 
The two repeats are separated by a large, polar, so-called R-domain containing multiple 
potential phosphorylation sites. Based on its predicted domain structure, CFTR is a member 
of a class of related proteins which includes the multi-drug resistance (MDR) or P- 

15 glycoprotein, bovine adenyl cyclase, the yeast STE6 protein as well as several bacterial 

amino acid transport proteins (Riordan, J.R. et al. (1989) Science 245:1066-1073; Hyde, S.C. 
et al. (1990) Nature 346:362-365). Proteins in this group, characteristically, are involved in 
pumping molecules into or out of cells. 

CFTR has been postulated to regulate the outward flow of anions fi-om epithelial cells 

20 in response to phosphorylation by cyclic AMP-dependent protein kinase or protein kinase C 
(Riordan, J.R. et al. (1989) Science 245:1066-1073; Welsh, 1986; Frizzell, R.A. et al. (1986) 
Science 233:558-560; Welsh, M.J. and Liedtke, CM. (1986) Nature 322:467; Li, M. et al. 

(1988) Nature 331:358-360; Huang, T-C. et al. (1989) Science 244:1351-1353). 
Sequence analysis of the CFTR gene of CF chromosomes has revealed a variety of 

25 mutations (Cutting, G.R. et al. (1990) Nature 346:366-369; Dean, M. et al. (1990) Cell 

61:863-870; and Kerem, B-S. et al. (1989) Science 245:1073-1080; Kerem, B-S. et al. (1990) 
Proc. Natl Acad, Sci. USA 87:8447-8451). Population studies have indicated that the most 
common CF mutation, a deletion of the 3 nucleotides that encode phenylalanine at position 
508 of the CFTR amino acid sequence (2SkF508), is associated with approximately 70% of the 

30 cases of cystic fibrosis. This mutation results in the failure of an epithelial cell chloride 

channel to respond to cAMP (Frizzell R.A. et al. (1986) Science 233:558-560; Welsh, M.J. 
(1986) Science 232:1648-1650.; Li, M. et al. (1988) Nature 331:358-360; Quinton, P.M. 

(1989) Clin. Chem. 35:726-730). In airway cells, this leads to an imbalance in ion and fluid 
transport. It is widely believed that this causes abnormal mucus secretion, and ultimately 

35 results in pulmonary infection and epithelial cell damage. 

Studies on the biosynthesis (Cheng, S.H. et al. (1990) Cell 63:827-834; Gregory, R.J. 
et al. (1991) Mol Cell Biol 1 1 :3886-3893) and localization (Denning, G.M. et al. (1992) J. 
Cell Biol 1 18:551-559 ) of CFTR AF508, as well as other CFTR mutants, indicate that many 
CFTR mutant proteins are not processed correctly and, as a result, are not delivered to the 



wo 94/12649 



PCT/US93/11667 



-3- 

plasma membrane (Gregory, R.J. et al. (1991) Mol Cell Biol 1 1 :3886-3893). These 
conclusions are consistent with earlier functional studies which failed to detect cAMP- 
stimulated CI" channels in cells expressing CFTR AF508 (Rich, D.P. et al. (1990) Nature 
347:358-363; Anderson, M.P. et al. (1991) Science 251:679-682). 
5 To date, the primary objectives of treatment for CF have been to control infection, 

promote mucus clearance, and improve nutrition (Boat, T.F. et al. in The Metabolic Basis of 
Inherited Diseases (Scriver, C.R. et al. eds., McGraw-Hill, New York (1989)). Intensive 
antibiotic use and a program of postural drainage with chest percussion are the mainstays of 
therapy. However, as the disease progresses, frequent hospitalizations are required. 

10 Nutritional regimens include pancreatic enzymes and fat-soluble vitamins. Bronchodilators 
are used at times. Corticosteroids have been used to reduce inflammation, but they may 
produce significant adverse effects and their benefits are not certain. In extreme cases, lung 
transplantation is sometimes attempted (Marshall, S. et al. (1990) Chest 98:1488). 

Most efforts to develop new therapies for CF have focused on the pulmonary 

1 5 complications. Because CF mucus consists of a high concentration of DNA, derived from 
lysed neutrophils, one approach has been to develop recombinant human DNase (Shak, S. et 
al. (1990) Proc, Natl Set Acad USA 87:9188). Preliminary reports suggest that aerosolized 
enzyme may be effective in reducing the viscosity of mucus. This could be helpful in 
clearing the airways of obstruction and perhaps in reducing infections. In an attempt to limit 

20 damage caused by an excess of neutrophil derived elastase, protease inhibitors have been 

tested. For example, alpha- 1 -antitrypsin piirified from human plasma has been aerosolized to 
deliver enzyme activity to lungs of CF patients (McElvaney, N. et al. (1991) The Lancet 
337:392). Another approach would be the use of agents to inhibit the action of oxidants 
derived from neutrophils. Although biochemical parameters have been successfully 

25 measured, the long term beneficial effects of these treatments have not been established. 

Using a different rationale, other investigators have attempted to use pharmacological 
agents to reverse the abnormally decreased chloride secretion and increased sodium 
absorption in CF airways. Defective electrolyte transport by airway epithelia is thought to 
alter the composition of the respiratory secretions and mucus (Boat, T.F. et al. in The 

30 Metabolic Basis of Inherited Diseases (Scriver, C.R. et al. eds., McGraw-Hill, New York 
(1989); Quinton, P.M. (1990) FASEBJ, 4:2709-2717). Hence, pharmacological treatments 
aimed at correcting the abnormalities in electrolyte transport could be beneficial. Trials are in 
progress with aerosolized versions of the drug amiloride; amiloride is a diuretic that inhibits 
sodium channels, thereby inhibiting sodium absorption. Initial results indicate that the drug 

35 is safe and suggest a slight change in the rate of disease progression, as measured by lung 

function tests (Knowles, M. et al. (1990) A^. Eng, J. Med. 322: 1 189-1 194; App, E.(1990) Am. 
Rev, Respir, Dis, 141:605). Nucleotides, such as ATP or UTP, stimulate purinergic receptors 
in the airway epitheliimi. As a result, they open a class of chloride channel that is different 
from CFTR chloride channels. In vitro studies indicate that ATP and UTP can stimulate 



wo 94/12649 PCT/US93/11667 

-4- 

chloride secretion (Knowles, M. et al. (1991) N, Eng. J. Med, 325:533). Preliminary trials to 
test the ability of nucleotides to stimulate secretion in vivo^ and thereby correct the electrolyte 
transport abnormalities are underway. 

Despite progress in therapy, cystic fibrosis remains a lethal disease, and no current 
5 therapy treats the basic defect. However, two general approaches may prove feasible. These 
are: 1) protein replacement therapy to deliver the wild type protein to patients to augment 
their defective protein, and; 2) gene replacement therapy to deliver wild type copies of the CF 
associated gene. Since the most life threatening manifestations of CF involve pulmonary 
complications, epithelial cells of the upper airways are appropriate target cells for therapy. 

10 The feasibility of gene therapy has been established by introducing a wild type cDNA 

into epithelial cells from a CF patient and demonstrating complementation of the hallmark 
defect in chloride ion transport (Rich, D.P. et al. (1990) Nature 347:358-363 ). This initial 
work involved cells in tissue culture, however, subsequent work has shown that to deliver the 
gene to the airways of whole animals, defective adenoviruses may be useful (Rosenfeld, 

15 (1992) Cell 68:143-155). However, the safety and effectiveness of using defective 
adenoviruses remain to be demonstrated. 

Smnmary of th^ Invention 

In general, the instant invention relates to vectors for transferring selected genetic 

20 material of interest (e.g., DNA or RNA) to cells in vivo. In preferred embodiments, the 

vectors are adenovirus-based. Advantages of adenovinis-based vectors for gene therapy are 
that they appear to be relatively safe and can be manipulated to encode the desired gene 
product and at the same time are inactivated in terms of their ability to replicate in a normal 
lytic viral life cycle. Additionally, adenovirus has a natural tropism for airway epithelia. 

25 Therefore, adenovirus-based vectors are particularly preferred for respiratory gene therapy 
applications such as gene therapy for cystic fibrosis. 

In one embodiment, the adenovirus-based gene therapy vector comprises an 
adenovirus 2 serotype genome in which the Ela and Elb regions of the genome, which are 
involved in early stages of viral replication have been deleted and replaced by genetic 

30 material of interest (e.g., DNA encoding the cystic fibrosis transmembrane regulator protein). 

In another embodiment, the adenovirus-based therapy vector is a pseudo-adenovirus 
(PAV). PAVs contain no potentially harmful viral genes, have a theoretical capacity for 
foreign material of nearly 36 kb, may be produced in reasonably high titers and maintain the 
tropism of the parent adenovirus for dividing and non-dividing human target cell types. 

35 PAVs comprise adenovirus inverted terminal repeats and the minimal sequences of a wild- 
type adenovirus type 2 genome necessary for efficient replication and packaging by a helper 
virus and genetic material of interest. In a preferred embodiment, the PAV contains 
adenovirus 2 sequences. 



wo 94/12649 



-5- 



PCT/US93/11667 



In a further embodiment, the adenovirus-based gene therapy vector contains the open 
reading frame 6 (ORF6) of adenoviral early region 4 (E4) from the E4 promoter and is 
deleted for all other E4 open reading frames. Optionally, this vector can include deletions in 
the El and/or E3 regions. Alternatively, the adenovirus-based gene therapy vector contains 
5 the open reading frame 3 (ORF3) of adenoviral E4 from the E4 promoter and is deleted for all 
other E4 open reading frames. Again, optionally, this vector can include deletions in the El 
and/or E3 regions. The deletion of non-essential open reading frames of E4 increases the 
cloning capacity by approximately 2 kb without significantly reducing the viability of the 
virus in cell culture. In combination with deletions in the El and/or E3 regions of adenovirus 
10 vectors, the theoretical insert capacity of the resultant vectors is increased to 8-9 kb. 

The invention also relates to methods of gene therapy using the disclosed vectors and 
genetically engineered cells produced by the method. 

1 5 Further understanding of the invention may be had by reference to the tables and 

figures wherein: 

Table I shows CFTR mutants wherein the known association with CF (Y, yes or N, 
no), exon localization, domain location and presence (+) or absence (-) of bands A, B, and C 
20 of mutant CFTR species is shown. TM6, indicates transmembrane domain 6; NBD 

nucleotide binding domain; ECD, extracellular domain and Temi, temiination at 21 codons 
past residue 1337; 

Table II shows the nucleotide sequence of Ad2/CFTR-1; 

25 

Table III depicts a nucleotide analysis of Ad2-ORF6/PGK-CFTR; 

The convention for naming mutants is first the amino acid normally found at the 
particular residue, the residue number (Riordan, T.R. et al. (1989) Science 245:1066-1073). 
30 and the amino acid to which the residue was converted. The single letter amino acid code is 
used: D, aspartic acid; F, phenylalanine; G, glycine; I, isoleucine; K, lysine; M, methionine; 
N, asparagine; Q, glutamine; R, arginine; S, serine; W, tryptophan. Thus G551D is a mutant 
in which glycine 551 is converted to aspartic acid; 

35 Figure 1 shows alignment of CFTR partial cDNA clones used in construction of 

cDNA containing complete coding sequence of the CFTR, only restriction sites relevant to 
the DNA constructions described below are shown; 

Figure 2 depicts plasmid construction of the CFTR cDNA clone pKK-CFTRl; 
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Figure 3 depicts plasmid construction of the CFTR cDNA clone pKK-CFTR2; 
Figure 4 depicts plasmid construction of the CFTR cDNA clone pSC-CFTR2; 

5 

Figure 5 shows a plasmid map of the CFTR cDNA clone pSC-CFTR2; 

Figure 6 shows the DNA sequence of synthetic DNAs used for insertion of an intron 
into the CFTR cDNA sequence, with the relevant restriction endonuclease sites and 
1 0 nucleotide positions noted; 

Figures 7A and 7B depict plaismid construction of the CFTR cDNA clone pKK- 
CFTR3; 

1 5 Figure 8 shows a plasmid map of the CFTR cDNA pKK-CFTR3 containing an intron 

between nucleotides 1716 and 1717; 

Figure 9 shows treatment of CFTR with glycosidases; 

20 Figures lOA and lOB show an analysis of CFTR expressed from COS-7 transfected 

cells; 



Figures 1 1 A and 1 IB show pulse-chase labeling of wild type and AF508 mutant 
CFTR in COS-7 transfected cells; 

25 

Figures 12A-12D show immunolocalization of wild type and AF508 mutant CFTR; 
and COS'-7 cells transfected with pMT-CFTR or pMT-CFTR-AF508; 

Figure 13 shows an analysis of mutant forms of CFTR; 

30 

Figure 14 shows a map of the first generation adenovirus based vector encoding 
CFTR(Ad2/CFTR-l); 



Figure 15 shows the plasmid construction of the Ad2/CFTR-1 vector; 

Figure 16 shows an example of UV fluorescence from an agarose gel electrophoresis 
of products of nested RT-PCR from lung homogenates of cotton rats which received 
Ad2/CFTR-1 . The gel demonstrates that the homogenates were positive for virally-encoded 
CFTRmRNA; 
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Figure 17 shows an example of UV fluorescence from an agarose gel electrophoresis 
of products of nested RT-PCR from organ homogenates of cotton rats. The gel demonstrates 
that all organs of the infected rats were negative for Ad2/CFTR with the exception of the 
5 small bowel; 

Figures 18A and 18B show differential cell analyses of bronchoalveolar lavage 
specimens from control and infected rats. These data demonstrate that none of the rats 
treated with Ad2/CFTR-1 had a change in the total or differential white blood cell count 4, 
10 10, and 14 days after infection (Figure 18A) and 3, 7, and 14 days after infection (Figure 
18B); 

Figure 19 shows hematoxilyn and eosin stained sections of cotton rat tracheas from 
both treated and control rats sacrificed at different time points after infection with 
1 5 Ad2/CFTR-1 . The sections demonstrate that there were no observable differences between 
the treated and control rats; 

Figures 20A and 20B show examples of UV fluorescence from an agarose gel 
electrophoresis, stained with ethidixmi bromide, of products of RT-PCR from nasal brushings 
20 of Rhesus monkeys after application of Ad2/CFTR-1 or Ad2/p-Gal; 

Figure 21 shows lights microscopy and immunocytochemistry from monkey nasal 
brushings. The microscopy revealed that there was a positive reaction when nasal epithelial 
cells from monkeys exposed to Ad2/CFTR-1 were stained with antibodies to CFTR; 

25 

Figure 22 shows immunocytochemistry of monkey nasal turbinate biopsies. This 
microscopy reveals increased immunofluorescence at the apical membrane of the surface 
epithelium from biopsies obteiined from monkeys treated with Ad2/CFTR-1 over that seen at 
the apical membrane of the surface epithelium from biopsies obtained from control monkeys; 

30 

Figures 23A-23D show serum antibody titers in Rhesus monkeys after three vector 
administrations. These graphs demonstrate that all three monkeys treated with Ad2/CFTR-1 
developed antibodies against adenovirus; 

35 Figure 24 shows hematoxilyn and eosin stained sections from monkey medial 

turbinate biopsies. These sections demonstrate that turbinate biopsy specimens from control 
monkeys could not be differentiated from those from monkeys treated with Ad2/CFTR-1 
when reviewed by an independent pathologist; 
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Figures 25A-25I show photomicrographs of human nasal mucosa immediately before, 
during, and after Ad2/CFTR-1 application. These photomicrographs demonstrate that 
inspection of the nasal mucosa showed mild to moderate erythema, edema, and exudate in 
patients treated with Ad2/CFTR-1 (Figures 25A-25C) and in control patients (Figures 25G- 
5 251). These changes were probably due to local anesthesia and vasocontriction because when 
an additional patient was exposed to Ad2/CFTR in a method which did not require the use of 
local anesthesia or vasoconstriction, there were no symptoms and the nas£il mucosa appeared 
normal (Figures 25D-25F); 

1 0 Figure 26 shows a photomicrograph of a hematoxilyn and eosin stained biopsy of 

human nasal mucosa obtained from the third patient three days after Ad2/CFTR-1 
administration. This section shows a morphology consistent with CF, i.e., a thickened 
basement membrane and occasional morphonuclear cells in the submucosa, but no 
abnormalities that could be attributed to the adenovirus vector; 

15 

Figure 27 shows transepithelial voltage (V^) across the nasal epitheliimi of a normal 
human subject. Amiloride (|J.M) and terbutaline (^iM) were perfiised onto the mucosal 
surface beginning at the times indicated. Under basal conditions (V^) was electrically 
negative. Perfijsion of amiloride onto the mucosal surface inhibited (V^) by blocking apical 
20 Na"^ channels; 

Figures 28 A and 28B show transepithelial voltage (V£) across the nasal epithelium of 
normal human subjects (Figure 28A) and patients v^th CF (Figure 28B). Values were 
obtained imder basal conditions, during perfusion with amiloride (]iM), and during perfusion 

25 of amiloride plus terbutaline (|LiM) onto the mucosal surface. Data are from seven normal 
subjects and nine patients with CF. In patients with CF, (Vt) was more electrically negative 
than in normal subjects (Figure 28B). Amiloride inhibited (V^) in CF patients, as it did in 
normal subjects. However, Vt failed to hyperpolarize when terbutaline was perfiised onto the 
epitheliiim in the presence of amiloride. Instead, (Vt) either did not change or became less 

30 negative, a result very different from that observed in normal subjects; 

Figures 29A and 29B show transepithelial voltage (Vt) across the nasal epithelium of 
a third patient before (Figure 29A) and after (Figure 29B) administration of approximately 
25 MOI of Ad2/CFTR-1 . Amiloride and terbutaline were perfused onto the mucosal surface 
35 beginning at the times indicated. Figure 29 A shows an example from the third patient before 
treatment. Figure 29B shows that in contrast to the response before Ad2/CFTR-1 was 
applied, after virus replication, in the presence of amiloride, terbutaline stimulated Vt; 
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Figures 30A-30F show the time of course changes in transepithelial electrical 
properties before and after administration of Ad2/CFTR-L Figures 30 A and 3 OB are from 
the first patient who received approximately 1 MOI; Figures 30C and 30D are from the 
second patient who received approximately 3 MOI; and Figures 30E and 30F are from the 
5 third patient who received approximately 25 MOI. Figures 30A, 30C, and 30E show values 
of basal transeptithelial voltage (V^) and Figures 30B, 30D, and 30F show the change in 
transepithelial voltage (AV^) following perftision of terbutaline in the presence of amiloride. 
Day zero indicates the day of Ad2/CFTR-1 administration. Figures 3 OA, 30C, and 30E show 
the time course of changes in basal for all three patients. The decrease in basal 
10 suggests that application of Ad2/CFTR-1 corrected the CF electrolyte transport defect in 

nasal epithelium of all three patients. Additional evidence came from an examination of the 
response to terbutaline. Figures 30B, 30D, and 30F show the time course of the response. 
These data indicate that Ad2/CFTR-1 corrected the CF defect in CI" transport; 

1 5 Figure 3 1 shows the time course of changes in transepithelial electrical properties 

before and after administration of saline instead of Ad2/CFTR-1 to CF patients. Day zero 
indicates the time of mock administration. The top graph shows basal transepithelial voltage 
(Vt) and the bottom graph shows the change in transepithelial voltage following perftision 
with terbutaline in the presence of amiloride (AVt). Closed symbols are data from two 

20 patients that received local anesthetic/vasoconstriction and placement of the applicator for 
thirty minutes. Open symbol is data from a patient that received local 
anesthetic/vasoconstriction, but not placement of the applicator. Symptomatic changes and 
physical findings were the same as those observed in CF patients treated with a similar 
administration procedure and Ad2/CFTR-1; 

25 

Figure 32 shows a map of the second generation adenovirus based vector, PAV; 

Figure 33 shows the plasmid construction of a second generation adenoviral vector 6 
(Ad E4 ORF6); 

30 

Figure 34 is a schematic of Ad2-ORF6/PGK-CFTR which differs from Ad2/CFTR in 
that the latter utilized the endogenous Ela promoter, had no poly A addition signal directly 
downstream of CFTR and retained an intact E4 region; 

35 Figure 35 shows short-circuit currents from human CF nasal polyp epithelial cells 

infected with Ad2-ORF6/PGK-CFTR at multiplicities of 0.3, 3, and 50. At the indicated 
times: (1) 10 |aM amiloride, (2) cAMP agonists (10 ^iM forskolin and 100 |aM IBMX, and (3) 
1 mM diphenylamine-2-carboxylate were added to the mucosal solution; 
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Figures 36A-36D show immunocytochemistry of nasal brushings by laser scanning 
microscopy of the Rhesus monkey C, before infection (36A) and on 7 days (36B); 24 (36C); 
and 38 (36D) after the first infection with Ad2-ORF6/PGK-CFTR; 

Figures 37A-37D show immunocytochemistry of nasal brushings by laser scanning 
microscopy of Rhesus monkey D, before infection (37A) and on days 7 (37B); 24 (37C); and 
48 (37D) after the first infection with Ad2-ORF6/PGK-CFTR; 

Figures 38A-38D show immimocytochemistry of nasal brushings by laser scanning 
microscopy of the Rhesus monkey E, before infection (3 8 A) and on days 7 (38B); 24 (38C); 
and 48 (38D) after the first infection with Ad2-ORF6/PGK-CFTR; 

Figures 39A-39C show simimaries of the clinical signs (or lack thereof) of infection 
with Ad2-ORF6/PGK-CFTR; 

Figures 40A-40C shows a summary of blood counts, sedimentation rate, and clinical 
chemistries after infection with Ad2-ORF6/PGK-CFTR for monkeys C, D, and E. There was 
no evidence of a systemic inflammatory response or other abnormalities of the clinical 
chemistries; 

Figure 41 shows summaries of white blood cells coimts in monkeys C, D, and E after 
infection with Ad2-ORF6/PGK-CFTR. These date indictate that the administration of Ad2~ 
ORF6/PGK-CFTR caused no change in the distribution and number of inflammatory cells at 
any of the time points following viral administration; 

Figure 42 shows histology of submucosal biopsy performed on Rhesus monkey C on 
day 4 after the second viral instillation of Ad2-ORF6/PGK-CFTR. Hematoxylin and eosin 
stain revealed no evidence of inflammation or cytopathic changes; 

Figure 43 shows histology of submucosal biopsy performed on Rhesus monkey D on 
day 1 1 after the second viral instillation of Ad2-ORF6/PGK-CFTR. Hematoxylin and eosin 
stain revealed no evidence of inflammation or cytopathic changes; 

Figure 44 shows histology of submucosal biopsy performed on Rhesus monkey E on 
day 1 8 after the second viral instillation of Ad2-ORF6/PGK-CFTR. Hematoxylin and eosin 
stain revealed no evidence of inflammation or cytopathic changes; and 
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Figvires 45A-45C show antibody titers to adenovirus prior to and after the first and second 
administrations of Ad2-ORF6/PGK-CFTR. Prior to administration of Ad2-ORF6/PGK- 
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CFTR, the monkeys had received instillations of Ad2/CFTR-1. Antibody titers measured by 
ELISA rose within one week after the first and second administrations of Ad2-ORF6/PGK- 
CFTR. Serum neutralizing antibodies also rose within a week after viral administration and 
peaked at day 24. No anti-adenoviral antibodies were detected by ELISA or neutralizing 
assay in nasal washings of any of the monkeys. 

Detailed Description and Best Mode 

Gene Therapy 

As used herein, the phrase "gene therapy" refers to the transfer of genetic material 
(e.g., DNA or RNA) of interest into a host to treat or prevent a genetic or acquired disease or 
condition. The genetic material of interest encodes a product (e.g., a protein polypeptide, 
peptide or fimctional RNA) whose production in vivo is desired. For example, the genetic 
material of interest can encode a hormone, receptor, enzjrme or (poly) peptide of therapeutic 
value. Examples of genetic material of interest include DNA encoding: the cystic fibrosis 
transmembrane regulator (CFTR), Factor VIII, low density lipoprotein receptor, beta- 
galactosidase, alpha-galactosidase, beta-glucocerebrosidase, insulin, parathyroid hormone, 
and alpha- 1 -antitrypsin. 

Although the potential for gene therapy to treat genetic diseases has been appreciated 
for many years, it is only recently that such approaches have become practical with the 
treatment of two patients with adenosine deamidase deficiency. The protocol consists of 
removing lymphocytes from the patients, stimulating them to grow in tissue culture, infecting 
them with an appropriately engineered retrovirus followed by reintroduction of the cells into 
the patient (Kantoff, P. et al. (1987) J. Exp. Med 166:219). Initial results of treatment are 
very encouraging. With the approval of a number of other human gene therapy protocols for 
limited clinical use, and with the demonstration of the feasibility of complementing the CF 
defect by gene transfer, gene therapy for CF appears a very viable option. 

The concept of gene replacement therapy for cystic fibrosis is very simple; a 
preparation of CFTR coding sequences in some suitable vector in a viral or other carrier 
delivered directly to the airways of CF patients. Since disease of the pulmonary airways is 
the major cause of morbidity and is responsible for 95% of mortality, airway epithelial cells 
are preferred target cells for CF gene therapy. The first generation of CF gene therapy is 
likely to be transient and to require repeated delivery to the airways. Eventually, however, 
gene therapy may offer a cure for CF when the identity of the precursor or stem cell to air 
epithelial cells becomes known. If DNA were incorporated into airway stem cells, all 
subsequent generations of such cells would make authentic CFTR from the integrated 
sequences and would correct the physiological defect almost irrespective of the biochemical 
basis of the action of CFTR. 
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Although simple in concept, scientific and clinical problems face approaches to gene 
therapy, not least of these being that CF requires an in vivo approach while all gene therapy 
treatments in himians to date have involved ex vivo treatment of cells taken from the patient 
followed by reintroduction. 
5 One major obstacle to be overcome before gene therapy becomes a viable treatment 

approach for CF is the development of appropriate vectors to infect tissue manifesting the 
disease and deliver the therapeutic CFTR gene. Since viruses have evolved very efficient 
means to introduce their nucleic acid into cells, many approaches to gene therapy make use of 
engineered defective viruses. However, the use of viruses in vivo raises safety concerns. 
10 Although potentially safer, the use of simple DNA plasmid constructs containing minimal 

additional DNA, on the other hand, is often very inefficient and can resuh in transient protein 
expression. 

The integration of introduced DNA into the host chromosome has advantages in that 
such DNA will be passed to daughter cells. In some circumstances, integrated DNA may 

1 5 also lead to high or more sustained expression. However, integration often, perhaps always, 
requires cellular DNA replication in order to occur. This is certainly the case with the present 
generation of retroviruses. This Ihnits the use of such viruses to circumstances where cell 
division occurs in a high proportion of cells. For cells cultured in vitro^ this is seldom a 
problem, however, the cells of the airway are reported to divide only infrequently 

20 (Kawanami, O. et al. (1979) An, Rev. Respir. Dis. 120:595). The use of retroviruses in CF 
will probably require damaging the airways (by agents such as SO2 or O3) to induce cell 
division. This may prove impracticable in CF patients. 

Even if efficient DNA integration could be achieved using viruses, the human genome 
contains elements involved in the regulation of cellular growth only a small fraction of which 

25 are presently identified. By integrating adjacent to an element such as a proto-oncogene or an 
anti-oncogene, activation or inactivation of that element could occur leading to uncontrolled 
growth of the altered cell. It is considered likely that several such activation/inactivation 
steps are usually required in any one cell to induce uncontrolled proliferation (R.A. Weinberg 
(1989) Cancer Research 49:3713 ), which may reduce somewhat the potential risk. On the 

30 other hand, insertional mutagenesis leading to tumor formation is certainly known in animals 
with some nondefective retroviruses (R.A. Weinberg, supra; Payne, G.S. et al. (1982) Nature 
295:209), and the large numbers of potential integrations occurring during the lifetime of a 
patient treated repeatedly in vivo with retroviruses must raise concerns on the safety of such a 
procedure. 

35 In addition to the potential problems associated with viral DNA integration, a number 

of additional safety issues arise. Many patients may have preexisting antibodies to some of 
the viruses that are candidates for vectors, for example, adenoviruses. In addition, repeated 
use of such vectors might induce an immxme response. The use of defective viral vectors 
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may alleviate this problem somewhat, because the vec ors will not lead to productive viral 
life cycles generating infected cells, cell lysis or large amnbers of progeny viruses. 

Other issues associated with the use of viruses are the possibility of recombination 
with related viruses naturally infecting the treated patient, complementation of the viral 
5 defects by simultaneous expression of wild type virus proteins and containment of aerosols of 
the engineered viruses. 

Gene therapy approaches to CF will face many of the same clinical challenges at 
protein therapy. These include the inaccessibility of airway epithelium caused by mucus 
build-up and the hostile nature of the environment in CF airways which may inactivate 
10 vimses/vectors. Elements of the vector carriers may be immunogenic and introduction of the 
DNA may be inefficient. These problems, as with protein therapy, are exacerbated by the 
absence of a good animal model for the disease nor a simple clinical end point to measure the 
efficacy of treatment. 



15 CF Gene Th erapy Veptprs - Ppsgible Options 



Retroviruses - Although defective retroviruses are the best characterized system and 
so far the only one approved for use in human gene therapy (Miller, A.D. (1990) Blood 
76:271), the major issue in relation to CF is the requirement for dividing cells to achieve 
20 DNA integration and gene expression. Were conditions found to induce airway cell division, 
the in vivo application of retroviruses, especially if repeated over many years, would 
necessitate assessment of the safety aspects of insertional mutagenesis in this context. 



Adeno-Associated Virus - (AAV) is a naturally occurring defective virus that requires 
25 other viruses such as adenoviruses or herpes viruses as helper viruses(Muzyczka, N. (1 992) in 
Current Topics in Microbiology and Immunology 1 58:97). It is also one of the few viruses 
that may integrate its DNA into non-dividing cells, although this is not yet certain. Vectors 
containing as little as 300 base pairs of AAV can be packaged and can integrate, but space for 
exogenous DNA is limited to about 4.5 kb. CFTR DNA may be towards the upper limit of 
30 packaging. Furthermore, the packaging process itself is presently inefficient and safety issues 
such as immunogenecity, complementation and containment will also apply to AAV. 
Nevertheless, this system is sufficiently promising to warrant further study. 

Plasmid DNA - Naked plasmid can be introduced into muscle cells by injection into 
35 the tissue. Expression can extend over many months but the number of positive cells is low 
(Wolff, J. et al. (1989) Science 247:1465). Cationic lipids aid introduction of DNA into some 
cells in culture (Feigner, P. and Ringold, G.M. (1989) Nature 337:387). Injection of cationic 
lipid plasmid DNA complexes into the circulation of mice has been shown to result in 
expression of the DNA in lung (Brigham, K. et al. (1989) Am. J, Med, Set 298:278). 
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Instillation of cationic lipid plasmid DNA into lung also leads to expression in epithelial cells 
but the efficiency of expression is relatively low and transient (Hazinski, T.A. at al. (1991) 
Am. J. Respir., Cell MoL Biol 4:206). One advantage of the use of plasmid DNA is that it 
can be introduced into non-replicating cells. However, the use of plasmid DNA in the CF 
5 airway environment, which already contains high concentrations of endogenous DNA may be 
problematic. 

Receptor Mediated Entry - In an effort to improve the efficiency of plasmid DNA 
uptake, attempts have been made to utilize receptor-mediated endocytosis as an entry 

10 mechanisms and to protect DNA in complexes with polylysine (Wu, G. and Wu, C.H. (1988) 
J. Biol. Chem. 263:14621). One potential problem with this approach is that the incoming 
plasmid DNA enters the pathway leading fi-om endosome to lysosome, where much incoming 
material is degraded. One solution to this problem is the use of transferrin DNA-polylysine 
complexes linked to adenovirus capsids (Curiel, D.T. et al. (1991) Proc, Natl Acad. Set USA 

15 88:8850). The latter enter efficiently but have the added advantage of naturally disrupting the 
endosome thereby avoiding shuttling to the lysosome. This approach has promise but at 
present is relatively transient and suffers firom the same potential problems of 
immunogenicity as other adenovirus based methods. 

20 Adenovirus - Defective adenoviruses at present appear to be a promising approach to 

CF gene therapy (Berkner, K.L. (1988) BioTechniques 6:616). Adenovirus can be 
manipulated such that it encodes and expresses the desired gene product, (e.g., CFTR), and at 
the same time is inactivated in terms of its ability to replicate in a normal lytic viral life cycle. 
In addition, adenovirus has a natural tropism for airway epithelia. The viruses are able to 

25 infect quiescent cells as are foxmd in the airways, offering a major advantage over 

retroviruses. Adenovirus expression is achieved without integration of the viral DNA into the 
host cell chromosome, thereby alleviating concerns about insertional mutagenesis. 
Furthermore, adenoviruses have been used as live enteric vaccines for many years with an 
excellent safety profile (Schwartz, A.R. et al. (1974) Am, Rev. Respir. Dis. 109:233-238). 

30 Finally, adenovirus mediated gene transfer has been demonstrated in a number of instances 
including transfer of alpha- 1 -antitrypsin and CFTR to the limgs of cotton rats (Rosenfeld, 
M.A. et al. (1991) Science 252:431-434; Rosenfeld et al., (1992) Cell 68:143-155). 
Furthermore, extensive studies to attempt to establish adenovirus as a causative agent in 
human cancer were uniformly negative (Green, M. et al. (1979) Proc. Natl Acad. Set USA 

35 76:6606). 

The following properties would be desirable in the design of an adenovirus vector to 
transfer the gene for CFTR to the airway cells of a CF patient. The vector should allow 
sufficient expression of the CFTR, while producing minimal viral gene expression. There 
should be minimal viral DNA replication and ideally no virus replication. Finally, 
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recombination to produce new viral sequences and complementation to allow growth of the 
defective virus in the patient should be minimized. A first generation adenovirus vector 
encoding CFTR (Ad2/CFTR), made as described in the following Example 7, achieves most 
of these goals and was used in the human trials described in Example 10, 
5 Figure 14 shows a map of Ad2/CFTR-1 . As can be seen from the figure, this first 

generation virus includes viral DNA derived from the common relatively benign adenovirus 2 
serotype. The Ela and Elb regions of the viral genome, which are involved in early stages of 
viral replication have been deleted. Their removal impairs viral gene expression and viral 
replication. The protein products of these genes also have immortalizing and transforming 

10 function in some non-permissive cells. 

The CFTR coding sequence is inserted into the viral genome in place of the Ela/Elb 
region and transcription of the CFTR sequence is driven by the endogenous Ela promoter. 
This is a moderately strong promoter that is fimctional in a variety of cells. In contrast to 
some adenovirus vectors (Rosenfeld, M. et al. (1992) Cell 68:143), this adenovirus retains 

15 the E3 viral coding region. As a consequence of the inclusion of E3, the length of the 

adenovirus-CFTR DNA is greater than that of the vydld-type adenovirus. The greater length 
of the recombinant viral DNA renders it more difficult to package. This means that the 
growth of the Ad2/CFTR virus is impaired even in permissive cells that provide the missing 
Ela and Elb fimctions. 

20 The E3 region of the Ad2/CFTR-1 encodes a variety of proteins. One of these 

proteins, gpl9, is believed to interact v^th and prevent presentation of class 1 proteins of the 
major histocompatability complex (MHC) (Gooding, C.R. and Wold, W.S.M. (1990) Crit, 
Rev. Immunol. 10:53). This property prevents recognition of the infected cells and thus may 
allow viral latency. The presence of E3 sequences, therefore, has two usefiil attributes; first, 

25 the large size of the viral DNA renders it doubly defective for replication (i.e., it lacks early 
fimctions and is packaged poorly) and second, the absence of MHC presentation could be 
usefiil in later applications of Ad2/CFTR-1 in gene therapy involving multiple 
administrations because it may avoid an immune response to recombinant virus containing 
cells, 

30 Not only are there advantages associated with the presence of E3 ; there may be 

disadvantages associated with its absence. Studies of E3 deleted virus in animals have 
suggested that they result in a more severe pathology (Gingsberg, H.S. et al. (1989) Proc. 
Natl Acad. Set (USA) 86:3823). Furthermore, E3 deleted virus, such as might be obtained 
by recombination of an El plus E3 deleted virus with wild-type virus, is reported to outgrow 

35 wild-type in tissue culture (Barkner, K.L. and Sharp, P. (1983) Nucleic Acids Research 
1 1 :6003). By contrast, however, a recent report of an E3 replacement vector encoding 
hepatitis B surface antigen, suggests that when delivered as a live enteric vaccine, such a 
virus replicates poorly in human compared to wild-type. 
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The adenovirus vector (Ad2/CFTR-1) and a related virus encoding the marker p- 
galactosidase (Ad2/p-gal) have been constructed and grown in human 293 cells. These cells 
contain the El region of adenovirus and constitutively express Ela and Elb, which 
complement the defective adenoviruses by providing the products of the genes deleted from 
5 the vector. Because the size of its genome is greater than that of wild-type virus, Ad2/CFTR 
is relatively difficult to produce. 

The Ad2/CFTR-1 virus has been shown to encode CFTR by demonstrating the 
presence of the protein in 293 cells. The Ad2/p-gal virus was shown to produce its protein in 
a variety of cell lines grown in tissue culture including a monkey bronchiolar cell line 
10 (4MBR-5), primary hamster tracheal epithelial cells, human HeLa, human CF PAC cells (see 
Example 8) and airway epithehal cells from CF patients (Rich, O. et al. (1990) Nature 
347:358). 

Ad2/CFTR-1 is constructed from adenovirus 2 (Ad2) DNA sequences. Other 
varieties of adenovirus (e.g., Ad3, Ad5, and Ad7) may also prove usefiil as gene therapy 
1 5 vectors. This may prove essential if immune response against a single serotype reduces the 
effectiveness of the therapy. 

Second Generati on Adenoviral Vectors 

Adenoviral vectors currently in use retain most (> 80%) of the parental viral genetic 
20 material leaving their safety untested and in doubt. Second-generation vector systems 
containing minimal adenoviral regulatory, packaging and replication sequences have 
therefore been developed. 

Pseudo- Adenovirus Vectors rPAV VPAVs contain adenovirus inverted terminal 
25 repeats and the minimal adenovirus 5' sequences required for helper virus dependent 

replication and packaging of the vector. These vectors contain no potentially harmfiil viral 
genes, have a theoretical capacity for foreign material of nearly 36 kb, may be produced in 
reasonably high titers and maintain the tropism of the parent virus for dividing and non- 
dividing hiraian target cell types. 
30 The PAV vector can be maintained as either a plasmid-bome construct or as an 

infectious viral particle. As a plasmid construct, PAV is composed of the mmimal sequences 
from wild type adenovirus type 2 necessary for efficient replication and packaging of these 
sequences and any desired additional exogenous genetic material, by either a wild-type or 
defective helper virus. 

35 Specifically, PAV contains adenovirus 2 (Ad2) sequences as shown in Figure 17, 

from nucleotide (nt) 0-356 forming the 5' end of the vector and the last 109 nt of Ad2 
forming the 3' end of the constmct. The sequences includes the Ad2 flanking inverted 
terminal repeats (5'ITR) and the 5* ITR adjoining sequences containing the known packaging 
signal and Ela enhancer. Various convenient restriction sites have been incorporated into the 
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fragments, allowing the insertion of promoter/gene cassettes which can be packaged in the 
PAV virion and used for gene transfer (e.g. for gene therapy). The construction and 
propagation of PAV is described in detail in the following Example 1 1 . By not containing 
most native adenoviral DNA, the PAVs described herein are less likely to produce a patient 
5 immune reponse or to replicate in a host. 

In addition, the PAV vectors can accomodate foreign DNA up to a maximum length 
of nearly 36 kb. The PAV vectors therefore, are especially useful for cloning larger genes 
(e.g., CFTR (7.5 kb)); Factor VIII (8 kb); Factor IX (9 kb)), which, traditional vectors have 
difficulty accomodating. In addition, PAV vectors can be used to transfer more than one 
10 gene, or more than one copy of a particular gene. For example, for gene therapy of cystic 
fibrosis, PAVs can be used to deliver CFTR in conjunction with other genes such as anti 
proteases (e.g., antiprotease alpha- 1 -antitrypsin) tissue inhibitor of metaloproteinase, 
antioxidants (e.g., superoxide dismutase), enhancers of local host defense (e.g., interferons), 
mucolytics (e.g., DNase); and proteins which block inflammatory cytokines. 

15 

Ad2-E4/ORF6 Ade novirus Vectors 

An adenoviral construct expressing only the open reading frame 6 (ORF6) of 
adenoviral early region 4 (E4) from the E4 promoter and which is deleted for all other known 
E4 open reading frames was constructed as described in detail in Example 12. Expression of 

20 E4 open reading frame 3 is also sufficient to provide E4 functions required for DNA 

repHcation and late protein synthesis. However, it provides these functions with reduced 
efficiency compared to expression of ORF6, which will likely result in lower levels of virus 
production. Therefore expressing ORF6, rather than ORF3, appears to be a better choice for 
producing recombinant adenovirus vectors, 

25 The E4 region of adenovirus is suspected to have a role in viral DNA replication, late 

mRNA synthesis and host protein synthesis shut off, as well as in viral assembly (Falgout, B. 
and G. Ketner (1987)^ Virol. 61:3759-3768). Adenovirus early region 4 is required for 
efficient virus particle assembly. Adenovirus early region 4 encodes functions required for 
efficient DNA replication, late gene expression, and host cell shutoff. Halbert, D.N. et al. 

30 (1985) J. ViroL 56:250-257. 

The deletion of non-essential open reading frames of E4 increases the cloning 
capacity of recombinant adenovirus vectors by approximately 2 kb of insert DNA without 
significantly reducing the viability of the virus in cell culture. When placed in combination 
with deletions in the El and/or E3 regions of adenovirus vectors, the theoretical insert 

35 capacity of the resultant vectors is increased to 8-9 kb. An example of where this increased 
cloning capacity may prove useful is in the development of a gene therapy vector encoding 
CFTR. As described above, the first generation adenoviral vector approaches the maximum 
packaging capacity for viral DNA encapsidation. As a result, this virus grows poorly and 
may occeissionaly give rise to defective progeny. Including an E4 deletion in the adenovirus 
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vector should alleviate these problems. In addition, it allows flexibility in the choice of 
promoters to drive CFTR expression from the virus. For example, strong promoters such as 
the adenovirus major late promoter, the cytomegalovirus immediate early promoter or a 
cellular promoter such as the CFTR promoter, which may be too large for first-generation 
5 adenovirus can be used to drive expression. 

In addition, by expressing only ORF6 of E4, these second generation adenoviral 
vectors may be safer for use in gene therapy. Although ORF6 expression is sufficient for 
viral DNA replication and late protein synthesis in immortalized cells, it has been suggested 
that ORF6/7 of E4 may also be required in non-dividing primary cells (Hemstrom, C. et al. 

10 (1991)j; Virol. 65:1440-1449). The 19 kD protein produced from open reading frame 6 and 
7 (ORF6/7) complexes with and activates cellular transcription factor E2F, which is required 
for maximal activation of early region 2. Early region 2 encodes proteins required for viral 
DNA replication. Activated transcription factor E2F is present in proliferating cells and is 
involved in the expression of genes required for cell proliferation (e.g., DHFR, c-myc), 

15 whereas activated E2F is present in lower levels in non-proliferating cells. Therefore, the 
expression of only ORF6 of E4 should allow the virus to replicate normally in tissue culture 
cells (e.g., 293 cells), but the absence of ORF6/7 would prevent the potential activation of 
transcription factor E2F in non-dividing primary celUs and thereby reduce the potential for 
viral DNA replication. 

20 

Target Tissue 

Because 95% of CF patients die of lung disease, the lung is a preferred target for gene 
therapy. The hallmark abnormality of the disease is defective electrolyte transport by the 
epithelial cells that line the airways. Numerous investigators (reviewed in Quinton, F. (1990) 

25 FASEB J, 4:2709) have observed: a) a complete loss of cAMP-mediated transepithelial 

chloride secretion, and b) a two to three fold increase in the rate of Na+ absorption. cAMP- 
stimulated chloride secretion requires a chloride channel in the apical membrane (Welsh, M.J. 
(1987) Physiol Rev. 67:1 143-1 1 84). The discovery that CFTR is a phosphorylation-regulated 
chloride channel and that the properties of the CFTR chloride channel are the same as those 

30 of the chloride channels in the apical membrane, indicate that CFTR itself mediates 

transepithelial chloride secretion. This conclusion was supported by studies localizing CFTR 
in lung tissue: CFTR is located in the apical membrane of airway epithelial cells (Denning, 
G.M. et al. (1992) J. Cell Biol 1 18:551) and has been reported to be present in the 
submucosal glands (Taussig et aL, (1973) J, Clin. Invest, 89:339). As a consequence of loss 

35 of CFTR fimction, there is a loss of cAMP-regulated transepithelial chloride secretion. At 
this time it is uncertain how dysfunction of CFTR produces an increase in the rate of Na+ 
absorption. However, it is thought that the defective chloride secretion and increased Na+ 
absorption lead to an alteration of the respiratory tract fluid and hence, to defective 
mucociliary clearance, a normal pulmonary defense mechanism. As a result, clearance of 



wo 94/12649 



- 19- 



PCT/US93/11667 



inhaled material from the lung is impaired and repeated infections ensue. Although the 
presumed abnormalities in respiratory tract fluid and mucociliary clearance provide a 
plausible explanation for the disease, a precise understanding of the pathogenesis is still 
lacking. 

5 Correction of the genetic defect in the airway epithelial cells is likely to reverse the 

CF pulmonary phenotype. The identity of the specific cells in the airway epithelium that 
express CFTR cannot be accurately determined by immunocytochemical means, because of 
the low abundance of protein. However, functional studies suggest that the ciliated epithelial 
cells and perhaps nonciliated cells of the surface epithelium are among the main cell types 

10 involved in electrolyte transport. Thus, in practical terms, the present preferred target cell for 
gene therapy would appear to be the mature cells that line the pulmonary airways. These are 
not rapidly dividing cells; rather, most of them are nonproliferating and many may be 
terminally differentiated. The identification of the progenitor cells in the airway is uncertain. 
Although CFTR may also be present in submucosal glands (Trezise, A.E. and Buchwald, M. 

15 (1991) Nature 353:434; Englehardt, J.F. et al. (1992) J. Clin. Invest. 90:2598-2607), there is 
no data as to its function at that site; furthermore, such glands appear to be relatively 
inaccessible. 

The airway epithelium provides two main advantages for gene therapy. First, access 
to the airway epitheliimi can be relatively noninvasive. This is a significant advantage in the 
20 development of delivery strategies and it will allow investigators to monitor the therapeutic 
response. Second, the epithelium forms a barrier between the airway lumen and the 
interstitium. Thus, application of the vector to the lumen will allow access to the target cell 
yet, at least to some extent, limit movement through the epithelial barrier to the interstitium 
and from there to the rest of the body. 

25 

Efficiency of Gene Delivery Required to Correct The Genetic Defect 

It is unlikely that any gene therapy protocol will correct 100% of the cells that 
normally express CFTR. However, several observations suggest that correction of a small 
percent of the involved cells or expression of a fraction of the normal amoimt of CFTR may 
30 be of therapeutic benefit. 

a. CF is an autosomal recessive disease and heterozygotes have no lung disease. 
Thus, 50% of wild-type CFTR would appear sufficient for normal function. 

35 b. This issue was tested in mixing experiments using CF cells and recombinant 

CF cells expressing wild-type CFTR (Johnson, L.G. et al. (1992) Nature Gen. 2:21). The 
data obtained showed that when an epithelium is reconstituted vsdth as few as 6-10% of 
corrected cells, chloride secretion is comparable to that observed with an epithelium 
containing 100% corrected cells. Although CFTR expression in the recombinant cells is 
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probably higher than in normal cells, this result suggests that in vivo correction of all CF 
airway cells may not be required. 

c. Recent observations show that CFTR containing some CF-associated 
5 mutations retains residual chloride channel activity (Sheppard, D.N. et al. (1992) Pediatr, 
Pulmon Suppl 8:250; Strong, T.V. et al. (1991) N. Eng. J, Med. 325:1630). These mutations 
are associated with mild lung disease. Thus, even a very low level of CFTR activity may at 
least partly ameliorate the electrolyte transport abnormalities. 

10 d. As indicated in experiments described below in Example 8, complementation 

of CF epithelia, under conditions that probably would not cause expression of CFTR in every 
cell, restored cAMP stimulated chloride secretion. 

e. Levels of CFTR in normal human airway epithelia are very low and are barely 
1 5 detectable. It has not been detected using routine biochemical techniques such as 

immimoprecipitation or immimoblotting and has been exceedingly difficult to detect with 
immunocytochemical techniques (Denning, G.M. et al. (1992) J. Cell Biol 1 18:551). 
Although CFTR has been detected in some cases using laser-scanning confocal microscopy, 
the signal is at the limits of detection and cannot be detected above backgroimd in every case. 
20 Despite that minimal levels of CFTR, this small amoimt is sufficient to generate substantial 
cAMP-stimulated chloride secretion. The reason that a very small number of CFTR chloride 
channels can support a large chloride secretory rate is that a large number of ions can pass 
through a single channel (lO^-lO^ ions/sec) (Hille, B. (1984) Sinauer Assoc. Inc., 
Sunderland, MA 420-426). 

25 

f. Previous studies using quantitative PCR have reported that the airway 
epithelial cells contain at most one to two transcripts per cell (Trapnell, B.C. et al. (1991) 
Proc. Natl Acad Set USA 88:6565). 

30 Gene therapy for CF would appear to have a wide therapeutic index. Just as partial 

expression may be of therapeutic value, overexpression of wild-type CFTR appears imlikely 
to cause significant problems. This conclusion is based on both theoretical considerations 
and experimental results. Because CFTR is a regulated channel, and because it has a specific 
function in epithelia, it is unlikely that overexpression of CFTR will lead to uncontrolled 

35 chloride secretion. First, secretion would require activation of CFTR by cAMP-dependent 
phosphorylation. Activation of this kinase is a highly regulated process. Second, even if 
CFTR chloride channels open in the apical membrane, secretion will not ensue without 
regulation of the basolateral membrane transporters that are required for chloride to enter the 
cell fi-om the interstitial space. At the basolateral membrane, the sodium-potassium-chloride 
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cotransporter and potassium channels serve as important regulators of transeptihelial 
secretion (Welsh, MJ. (19^7) Physiol. Rev, 67:1143-1184). 

Human CFTR has been expressed in transgenic mice under the control of the 
surfactant protein C(SPC) gene promoter (Whitesett, J.A. et al. (1992) Nature Gen. 2:13) and 
5 the casein promoter (DituUio, P. et al (1 992) Bio/Technology 1 0:74 ). In those mice, CFTR 
was overexpressed in bronchiolar and alveolar epithelial cells and in the mammary glands, 
respectively. Yet despite the massive overexpression in the transgenic animals, there were no 
observable morphologic or functional abnormalities. In addition, expression of CFTR in the 
lungs of cotton rats produced no reported abnormalities (Rosenfeld, M.A. et aL (1992) Cell 
10 68:143-155). 

The present invention is further illustrated by the following examples which in no 
way should be construed as being further limiting. The contents of all cited references 
(including literature references, issued patents, published patent applications, and co-pending 
patent applications) cited throughout this application are hereby expressly incorporated by 
15 reference. 

EXAMPLES 

Example 1 - Generatio n of Full Length CFTR cDNAs 

20 Nearly all of the commonly used DNA cloning vectors are based on plasmids 

containing modified pMBl replication origins and are present at up to 500 to 700 copies per 
cell (Sambrook et al. Molecular Cloning: A Laboratory Manual (Cold Spring Harbor 
Laboratory Press 1989). The partial CFTR cDNA clones isolated by Riordan et al. were 
maintained in such a plasmid. It was postulated that an alternative theory to intrinsic clone 

25 instability to explain the apparent inability to recover clones encoding full length CFTR 
protein using high copy number plasmids, was that it was not possible to clone large 
segments of the CFTR cDNA at high gene dosage in E, coli. Expression of the CFTR or 
portions of the CFTR from regulatory sequences capable of directing transcription and/or 
translation in the bacterial host cell might result in inviability of the host cell due to toxicity 

30 of the transcript or of the full length CFTR protein or fragments thereof. This inadvertent 
gene expression could occur from either plasmid regulatory sequences or cryptic regulatory 
sequences within the recombinant CFTR plasmid which are capable of functioning in E. coli. 
Toxic expression of the CFTR coding sequences would be greatly compounded if a large 
number of copies of the CFTR cDNA were present in cells because a high copy number 

35 plasmid was used. If the product was indeed toxic as postulated, the grov^h of cells 

containing full length and correct sequence would be actively disfavored. Based upon this 
novel hypothesis, the following procedures were undertaken. With reference to Figure 2, 
partial CFTR clone Tl 6-4.5 was cleaved with restriction enzymes Sph 1 and Pst 1 and the 
resulting 3.9 kb restriction fragment containing exons 1 1 through most of exon 24 (including 
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an uncharacterized 1 19 bp insertion reported by Riordan et al. between nucleotides 1716 and 
1717), was isolated by agarose gel purification and ligated between the Sph 1 and Pst 1 sites 
of the pMBl based vector pkk223-3 (Brosius and Holy, (1984) Proc. Natl Acad Sci. 
Si:6929). It was hoped that the pMB 1 origin contained within this plasmid would allow it 
5 and plasmids constructed from it to replicate at 15-20 copies per host E. coli cell (Sambrook 
et al. Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Laboratory Press 
1989). The resultant plasmid clone was called pkk-4.5. 

Partial CFTR clone Til was cleaved with Eco Rl and Hinc II and the 1 .9 kb band 
encoding the first 1786 nucleotides of the CFTR cDNA plus an additional 100 bp of DNA at 

10 the 5' end was isolated by agarose gel purification. This restriction fragment was inserted 
between the Eco Rl site and Sma 1 restriction site of the plamid Bluescript Sk- (Stratagene, 
catalogue number 212206), such that the CFTR sequences were now flanked on the upstream 
(5') side by a Sal 1 site firom the cloning vector. This clone, designated Tl 1-R, was cleaved 
with Sal 1 and Sph 1 and the resultant 1 .8 kb band isolated by agarose gel purification. 

1 5 Plasmid pkk-4.5 was cleaved with Sal 1 and Sph 1 and the large firagment was isolated by 

agarose gel purification. The purified Tl 1-R firagment and pkk-4,5 fi-agments were ligated to 
construct pkk-CFTRl . pkk-CFTRl contains exons 1 through 24 of the CFTR cDNA. It was 
discovered that this plasmid is stably maintained in E. coli cells and confers no measureably 
disadvantageous growth characteristics upon host cells. 

20 pkk-CFTRl contains, between nucleotides 1 7 1 6 and 1 7 1 7, the 1 1 9 bp insert DNA 

derived firom partial cDNA clone Tl 6-4,5 described above. In addition, subsequent sequence 
analysis of pkk-CFTRl revealed unreported differences in the coding sequence between that 
portion of CFTRl derived from partial cDNA clone Tl 1 and the published CFTR cDNA 
sequence. These xmdesired differences included a 1 base-pair deletion at position 995 and a 

25 C to T transition at position 1507. 

To complete construction of an intact correct CFTR coding sequence without 
mutations or insertions and with reference to the constmction scheme shown in Figure 3, 
pkk-CFTRl was cleaved with Xba I and Hpa I, and dephosphorylated with calf intestinal 
alkaline phosphatase. In addition, to reduce the likelihood of recovering the original clone, 
. 30 the small unwanted Xba I /Hpa I restriction firagment firom pKK-CFTRl was digested with 

Sph I . Tl 6- 1 was cleaved with Xba I and Acc I and the 1 . 1 5 kb fi-agment isolated by agarose 
gel purification. T 16-4.5 was cleaved with Acc 1 and Hpa I and the 0.65 kb band was also 
isolated by agarose gel purification. The two agarose gel purified restriction fragments and 
the dephosphorylated pKK-CFTRl were ligated to produce pKK-CFTR2. Alternatively, 

35 pKK-CFTR2 could have been constructed using corresponding restriction fragments from the 
partial CFTR cDNA clone CI -1/5. pKK-CFTR2 contains the uninterrupted CFTR protein 
coding sequence and conferred slow growth upon E. coli host cells in which it was inserted, 
whereas pKK-CFTRl did not. The origin of replication of pKK-CFTR2 is derived from 
pMBl and confers a plasmid copy number of 15-20 copies per host cell. 
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Example 2 - Improving Host Cell Viability 

An additional enhancement of host cell viability was accomplished by a further 
reduction in the copy number of CFTR cDNA per host cell. This was achieved by 
5 transferring the CFTR cDNA into the plasmid vector, pSC-3Z. pSC-3Z was constructed 
using the pSClOl replication origin of the low copy number plasmid pLG338 (Stoker etal., 
Gene 18, 335 (1982)) and the ampicillin resistance gene and polylinker of pGEM-3Z 
(available from Promega). pLG338 was cleaved with Sph 1 and Pvu n and the 2.8 kb 
fragment containing the replication origin isolated by agarose gel purification, pGEM-3Z 

10 was cleaved with Alw NL the resultant restriction fragment ends treated with T4 DNA 
polymerase and deoxynucleotide triphosphates, cleaved with Sph I and the 1.9 kb band 
containing the ampicillin resistance gene and the polylinker was isolated by agarose gel 
purification. The pLG338 and pGEM-3Z fragments were ligated together to produce the low 
copy number cloning vector pSC-3Z. pSC-3Z and other plasmids containing pSClOl origins 

15 of replication are maintained at approximately five copies per cell (Sambrook ^ aL supra). 
With additional reference to Figure 4, pKK-CFTR2 was cleaved with EcQ EY, Est 1 
and SM 1 and then passed over a Sephacryl S400 spun column (available from Pharmacia) 
according to the manufacturer's procedure in order to remove the Sal I to Eco RV restriction 
fragment which was retained within the column. pSC-3Z was digested with Sma I and Est 1 

20 and also passed over a Sephacryl S400 spim column to remove the small Sma I/Pst I 

restriction fragment which was retained within the colxmm. The column eluted fractions from 
the pKK-CFTR2 digest and the pSC-3Z digest were mixed and ligated to produce pSC- 
CFTR2. A map of this plasmid is presented in Figure 5. Host cells containing CFTR cDNAs 
at this and similar gene dosages grow well and have stably maintained the recombinant 

25 plasmid with the full length CFTR coding sequence. In addition, this plasmid contains a 
bacteriophage T7 RNA polymerase promoter adjacent to the CFTR coding sequence and is 
therefore convenient for in vitro transcription/translation of the CFTR protein. The 
nucleotide sequence of CFTR coding region from pSC-CFTR2 plasmid is presented in 
Sequence Listing 1 as SEQ ID NO:l. Significantly, this sequence differs from the previously 

30 published (Riordan, J.R. et al. (1989) Science 245:1066-1073) CFTR sequence at position 
1990, where there is C in place of the reported A. See Gregory, R.J. et al. (1990) Nature 
347:382-386. E. coli host cells containing pSC-CFTR2, internally identified with the number 
pSC-CFTR2/AGl, have been deposited at the American Type Culture Collection and given 
the accession number: ATCC 68244. 

35 

Example 3 - Altemate Method for Improving Host Cell Viability 

A second method for enhancing host cell viability comprises disruption of the CFTR 
protein coding sequence. For this purpose, a synthetic intron was designed for insertion 
between nucleotides 1716 and 1717 of the CFTR cDNA. This intron is especially 
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advantageous because of its easily manageable size. Furthermore, it is designed to be 
efficiently spliced from CFTR primary RNA transcripts when expressed in eukaryotic cells. 
Four synthetic oligonucleotides were synthesized (1 195RG, 1 196RG, 1 197RG and 1 198RG) 
collectively extending from the Sph I cleavage site at position 1700 to the Hinc II cleavage 
5 site at position 1785 and including the additional 83 nucleotides between 1716 and 1717 (see 
Figure 6). These oligonucleotides were phosphorylated with T4 polynucleotide kinase as 
described by Sambrook et al., mixed together, heated to 95 °C for 5 minutes in the same 
buffer used during phosphorylation, and allowed to cool to room temperature over several 
hours to allow annealing of the single stranded oligonucleotides. To insert the synthetic 

10 intron into the CFTR coding sequence and with reference to Figures 7 A and 7B, a subclone 
of plasmid Tl 1 was made by cleaving the Sal I site in the poly linker, repairing the recessed 
ends of the cleaved DNA with deoxynucleotide triphosphates and the large fragment of DNA 
Polymerase I and religating the DNA. This plasmid was then digested with Eco RV and Nru 
I and religated. The resulting plasmid T16-A5* extended from the Nm I site at position 490 of 

1 5 the CFTR cDNA to the 3' end of clone Tl 6 and contained single sites for I and Hinc U at 
positions corresponding to nucleotides 1700 and 1785 of the CFTR cDNA. T16-A5* plasmid 
was cleaved with Sph I and Hinc II and the large fragment was isolated by agarose gel 
purification. The annealed synthetic oligonucleotides were ligated into this vector fragment 
to generate T16-intron. 

20 T 1 6-intron was then digested with Eco Rl and Sma I and the large fragment was 

isolated by agarose gel purification. Tl 6-4.5 was digested with Eco El and Sea I and the 790 
bp fragment was also isolated by agarose gel purification. The purified T16-intron and T16- 
4.5 fragments were ligated to produce T16-intron-2. T16-intron-2 contains CFTR cDNA 
sequences extending from the Nru I site at position 490 to the Sea 1 site at position 2818, and 

25 includes the unique Hpa I site at position 2463 which is not present in T 16-1 or T16-intron-l . 

T-1 6-intron-2 was then cleaved with Xba I and Hpa I and the 1 800 bp fragment was 
isolated by agarose gel purification. pKK-CFTRl was digested with Xba I and Hpa I and the 
large fragment was also isolated by agarose gel purification and ligated with the fragment 
derived from T16-intron-2 to yield pKK-CFTR3, shown in Figure 8. The CFTR cDNA 

30 within pKK-CFTR3 is identical to that within pSC-CFTR2 and pKK-CFTR2 except for the 
insertion of the 83 bp intron between nucleotides 1716 and 1717. The insertion of this intron 
resulted in improved growth characteristics for cells harboring pKK-CFTR3 relative to cells 
containmg the unmodified CFTR cDNA in pKK-CFTR2. 

35 Example 4 - In vitro Transcription/Translation 

In addition to sequence analysis, the integrity of the CFTR cDNA open reading frame 
was verified by in vitro transcription/translation. This method also provided the initial CFTR 
protein for identification purposes. 5 micrograms of pSC-CFTR2 plasmid DNA were 
linearized with Sal I and used to direct the synthesis of CFTR RNA transcripts with T7 RNA 
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polymerase as described by the supplier (Stratagene), This transcript was extracted with 
phenol and chloroform and precipitated with ethanol. The transcript was resuspended in 25 
microliters of water and varying amounts were added to a reticulocj^e lysate in vitro 
translation system (Promega). The reactions were performed as described by the supplier in 
5 the presence of canine pancreatic microsomal membranes (Promega), using 35s-methionine 
to label newly synthesized proteins. In vitro translation products were analysed by 
discontinuous polyacrylamide gel electrophoresis in the presence of 0.1% SDS with 8% 
separating gels (Laemmii, U.K. (1970) Nature 227:680-685). Before electrophoresis, the in 
vitro translation reactions were denatured with 3% SDS, 8 M urea and 5% 2-mercaptoethanol 
10 in 0.65 M Tris-HCl, pH 6.8. Following electrophoresis, the gels were fixed in 

methanol :acetic acidiwater (30:10:60), rinsed with water and impregnated with 1 M sodium 
salicylate. 35s labelled proteins were detected by fluorgraphy. A band of approximately 180 
kD was detected, consistent with translation of the full length CFTR insert. 

15 

Example 5 - Elimination of Cryptic Regulatory Signals 

Analysis of the DNA sequence of the CFTR has reyealed the presence of a potential 
E, coli RNA polymerase promoter between nucleotides 748 and 778 which conforms well to 
the derived consensus sequence for E, coli promoters (Reznikoff and McClure, Maximizing 

20 Gene Expression, 1 , Butterworth Publishers, Stoneham, MA). If this sequence functions as a 
promoter functions in E. coli, it could direct synthesis of potentially toxic partial CFTR 
polypeptides. Thus, an additional advantageous procedure for maintaining plasmids 
containing CFTR cDNAs in E,coli would be to alter the sequence of this potential promoter 
such that it will not function in E. coli. This may be accomplished v^thout altering the amino 

25 acid sequence encoded by the CFTR cDNA. Specifically, plasmids containing complete or 
partial CFTR cDNA's would be altered by site-directed mutagenesis using synthetic 
olignucleotides (ZoUer and Smith, (1983) Methods Enzymol. liJQ:468 ). More specifically, 
altering the nucleotide sequence at position 908 Jfrom a T to C and at position 774 fi-om an A 
to a G effectively eliminates the activity of this promoter sequence without altering the amino 

30 acid coding potential of the CFTR open reading firame. Other potential regulatory signals 

within the CFTR cDNA for transcription and translation could also be advantageously altered 
and/or deleted by the same method. 

Futher analysis has identified a sequence extending from nucleotide 908 to 936 which 
functions efficiently as a transcriptional promoter element in E. coli (Gregory, R. J. et al. 

35 (1 990) Nature 347:382-386). Mutation at position 936 is capable of inactivating this 
promoter and allowing the CFTR cDNA to be stably maintained as a plasmid in E, coli 
(Cheng, S.H. et al. (1990) Cell 63:827-834). Specifically position 936 has been altered from 
a C to a T residue v^thout the amino acid sequence encoded by the cDNA being altered. 
Other mutations within this regulatory element described in Gregory, RJ. et al. (1990) 
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Nature 347:382-386 could also be used to inactivate the transcriptional promoter activity. 
Specifically, the sequence from 908 to 913 (TTGTGA) and from 931 to 936 (GAAAAT) 
could be altered by site directed mutagenesis without altering the amino acid sequence 
encoded by the cDNA. 

5 

Example 6 - Cloning of CFTR in Alternate Host Systems 

Although the CFTR cDNA displays apparent toxicity in E. coli cells, other types of 
host cells may not be affected in this way. Altemative host systems in which the entire 
CFTR cDNA protein encoding region may be maintained and/or expressed include other 
10 bacterial species and yeast. It is not possible a priori to predict which cells might be resistant 
and which might not. Screening a number of different host/vector combinations is necessary 
to find a suitable host tolerant of expression of the fiill length protein or potentially toxic 
fi-agments thereof. 

15 

Example 7 - Gen eration of Adenovirus Vector Encoding CFTR f Ad2/CFTR) 

1 , DNA preparation - Construction of the recombinant Ad2/CFTR-1 virus (the sequence 
of which is shown in Table II and as SEQ ID NO:3) was accomplished as follows: The 
CFTR cDNA was excised firom the plasmid pCMV-CFTR-936C using restriction enzymes 

20 Spel and EcII361 . pCMV-CFTR-936C consists of a minimal CFTR cDNA encompassing 
nucleotides 123-4622 of the published CFTR sequence cloned into the multiple cloning site 
of pRC/CMV (Invitrogen Corp.) using synthetic linkers. The CFTR cDNA within this 
plasmid has been completely sequenced. The Spel/EcII361 restriction firagment contains 47 
bp of 5' sequence derived from synthetic linkers and the multiple cloning site of the vector. 

25 The CFTR cDNA (the sequence of which is shown as SEQ ID NO: 1 and the amino 

acid sequence encoded by the CFTR cDNA is shown as SEQ ID NO:2) was inserted between 
the Nhel and SnaBl restriction sites of the adenovirus gene transfer vector pBR-Ad2-7. pBR- 
Ad2-7 is a pBR322 based plasmid containing an approximately 7 kb insert derived from the 
5' 10680 bp of Ad2 inserted between the £M and BamHl sites of pBR322. From this Ad2 

30 fragment, the sequences corresponding to Ad2 nucleotides 546-3497 were deleted and 

replaced with a 12 bp multiple cloning site containing an Nhel site, an Mlul site, and a SnaBl 
site. The construct also contains the 5' inverted terminal repeat and viral packaging signals, 
the Ela enhancer and promoter, the Elb 3* intron and the 3' untranslated region and 
polyadenylation sites. The resulting plasmid was called pBR-Ad2-7/CFTR. Its use to 

35 assemble virus is described below. 

2. Virus Preparation from DNA - To generate the recombinant Ad2/CFTR-1 adenovirus, 
the vector pBR-Ad2-7/CFTR was cleaved with BstBl at the site corresponding to the unique 
BstBl site at 10670 in Ad2. The cleaved plamid DNA was ligated to BstBl restricted Ad2 
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DNA. Following ligation, the reaction was used to transfect 293 cells by the calcium 
phosphate procedure. Approximately 7-8 days following transfection, a single plaque 
appeared and was used to reinfect a dish of 293 cells. Following development of cytopathic 
effect (CPE), the medium was removed and saved. Total DNA was prepared from the 
5 infected cells and analyzed by restriction analysis with multiple enzymes to verify the 
integrity of the construct. Viral supematant was then used to infect 293 cells and upon 
delvelopment of CPE, expression of CFTR was assayed by the protein kinase A (PKA) 
immunoprecipitation assay (Gregory, R.J. et al. (1990) Nature 347:382 ). Following these 
verification procedxires, the virus was further purified by two rounds of plaque purification. 
10 Plaque purified virus was grown into a small seed stock by inoculation at low 

multiplicities of infection onto 293 cells grown in monolayers in 925 medium supplemented 
with 10% bovine calf serum. Material at this stage was designated a Research Viral Seed 
Stock (RVSS) and was used in all preliminary experiments. 

15 3. Vims Host Cell - Ad2/CFTR-1 is propagated in human 293 cells (ATCC CRL 1573). 
These cells are a human embryonal kidney cell line which were immortalized with sheared 
fragments of human Ad5 DNA. The 293 cell line expresses adenovirus early region 1 gene 
products and in consequence, will support the growth of El deficient adenoviruses. By 
analogy with retroviruses, 293 cells could be considered a packaging cell line, but they differ 

20 from usual retrovirus lines in that they do not provide missing viral structural proteins, rather, 
they provide only some missing viral early functions. 

Production lots of virus are propagated in 293 cells derived from the Working Cell 
Bank (WCB). The WCB is in turn derived from the Master Cell Bank (MCB) which was 
grown up from a fresh vial of cells obtained from ATCC. Because 293 cells are of human 

25 origin, they are being tested extensively for the presence of biological agents. The MCB and 
WCB are being characterized for identity and the absence of adventitious agents by 
Microbiological Associates, Rockville, MD. 

4. Growth of P roduction Lots of Vims 

30 Production lots of Ad2/CFTR- 1 are produced by inoculation of approximately 5- 1 0 x 

10'7 pfu of MVSS onto approximately 1-2 x 10^ Web 293 cells grown in a T175 flask 
containing 25 mis of 925 medium. Inoculation is achieved by direct addition of the vims 
(approximately 2-5 mis) to each flask. Batches of 50-60 flasks constitute a lot. 

Following 40-48 hours incubation at 37''C, the cells are shaken loose from the flask 

35 and transferred with medium to a 250 ml centrifuge bottle and spun at 1000 xg. The cell 

pellet is resuspended in 4 ml phosphate buffered sahne containing 0.1 g/1 CaCl2 and O.lg/1 
MgCl2 and the cells subjected to cycles of freeze-thaw to release vims. Cellular debris is 
removed by centrifugation at 1000 xg for 15 min. The supematant from this centrifugation is 
layered on top of the CsCl step gradient: 2 ml 1.4g/ml CsCl and 3 ml 1.25g/ml CsCl in 10 
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mM Tris, 1 mM EDTA (TE) and spun for 1 hour at 35,000 rpm in a Beckman SW41 rotor. 
Virus is then removed from the interface between the two CsCl layers, mixed with 1 .35 g/ml 
CsCl in TE and then subjected to a 2.5 hour equilibrium centrifugation at 75,000 rpm in a 
TLN-100 rotor. Virus is removed by puncturing the side of the tube with a hypodermic 
5 needle and gently removing the banded virus. To reduce the CsCl concentration, the sample 
is dialyzed against 2 changes of 2 liters of phosphate buffered saline with 10% sucrose. 

Following this procedure, dialyzed virus is stable at 4°C for several weeks or can be 
stored for longer periods at -80°C. Aliquots of material for human use will be tested and 
while awaiting the results of these tests, the remainder will be stored frozen. The tests to be 
1 0 performed are described below: 

5. Structure an d Purity of Virus 

SDS polyacrylamide gel electrophoresis of purified virions reveals a number of 
polypeptides, many of which have been characterized. When preparations of virus were 
15 subjected to one or two additional rounds of CsCl centrifugation, the protein profile obtained 
was indistinguishable. This indicates that additional equilibrixmi centrifugation does not 
purify the virus fiirther, and may suggest that even the less intense bands detected in the virus 
preparations represent minor virion components rather than contaminating proteins. The 
identity of the protein bands is presently being established by N-terminal sequence analysis. 

20 

6. Contaminating Materials - The material to be administered to patients will be 2 x 10^ 
pfu, 2 X 10^ pfu and 5 x 10'7 pfu of purified Ad2/CFTR-1. Assuming a minimum particle to 
pfu ratio of 500, this corresponds to 1 x 10^, 1 x 10^0 and 2.5 x 10^0 viral particles, these 
correspond to a dose by mass of 0.25 |ag, 2.5|j.g and 6.25 |ig assuming a moleuclar mass for 

25 adenovirus of 1 50 x 1 O^. 

The origin of the materials from which a production lot of the purified Ad2/CFTR-1 
is derived was described in detail above and is illustrated as a flow diagram in Figure 6. All 
the starting materials from which the purified virus is made (i.e., MCB, and WCB, and the 
MVSS) will be extensively tested. Further, the growth medium used will be tested and the 

30 serum will be from only approved suppliers who will provide test certificates. In this way, all 
the components used to generate a production lot will have been characterized. Following 
growth, the production lot virus will be purified by two rounds of CsCl centrifiigation, 
didyzed, and tested. A production lot should constitute 1-5 x lOlOpfii Ad2/CFTR-1. 

As described above, to detect any contaminating material aliquots of the production 

35 lot will be analyzed by SDS gel electrophoresis and restriction enzyme mapping. However, 
these tests have limited sensitivity. Indeed, unlike the situation for purified single chain 
recombinant proteins, it is very difficult to quantitate the purity of the AD2/CFTR-1 using 
SDS polyacrylamide gel electrophoresis (or similar methods). An alternative is the 
immunological detection of contaminating proteins (IDCP). Such an assay utilizes antibodies 
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raised against the proteins pxirified in a mock pvirification run. Development of such an assay 
has not yet been attempted for the CsCl purification scheme for Ad2/CFTR-1. However, 
initially an IDCP assay developed for the detection of contaminants in recombinant proteins 
produced in Chinese hamster ovary (CHO) cells will be used. In addition, to hamster 
5 proteins, these assays detect bovine serum albumin (BSA), transferrin and IgG heavy and 

light chain derived from the serum added to the growth medium. Tests using such reagents to 
examine research batches of Ad2/CFTR-1 by both ELISA and Westem blots are in progress. 

Other proteins contaminating the vims preparation are likely to be from the 293 cells - 
that is, of human origin. Human proteins contaminating therapeutic agents derived from 

10 himian sources are usually not problematic. In this case, however, we plan to test the 

production lot for transforming factors. Such factors could be activities of contaminating 
human proteins or of the Ad2/CFTR-1 vector or other contaminating agents. For the test, it is 
proposed that 10 dishes of Rat 1 cells containing 2 x 10^ cells (the nimiber of target cells in 
the patient) with 4 times the highest human dose of Ad2/CFTR-1 (2 x 10^ pfii) will be 

1 5 infected. FoUov^ng infection, the cells will be plated out in agar and examined for the 

appearance of transformed foci for 2 weeks. Wild type adenovirus will be used as a control. 

Nucleic acids and proteins would be expected to be separated from purified virus 
preparations upon equilibrium density centriftigation. Furthermore, the 293 cells are not 
expected to contain VL30 sequences. Biologically active nucleic cells should be detected. 

20 

Example 8 - Preliminary Experiments Testing the Abilitv of Ad2/pGal or Ad2/CFTR Virus 
to Enter Airway Epithelial Cells 

a. Hamster Studies 

25 Initial studies involving the intratracheal instillation of the Ad-pGal viral vector into 

Syrian hamsters, which are reported to be permissive for himian adenovirus are being 
performed. The first study, a time course assessment of the pulmonary and systemic acute 
inflammatory response to a single intratracheal administration of Ad-pGal viral vector, has 
been completed. In this study, a total of 24 animals distributed among three treatment 

30 groups, specifically, 8 vehicle control, 8 low dose virus (1 x 10^ 1 particles; 3 x 10^ pfti), and 
8 high dose virus (1.7 x 10^2 particles; 5 x 10^ pfii), were used. Within each treatment 
group, 2 animals were analyzed at each of four time points after viral vector instillation: 6 
hrs, 24 hrs, 48 hrs, and 7 days. At the time of sacrifice of each animal, lung lavage and blood 
samples were taken for analysis. The lungs were fixed and processed for normal light-level 

35 histology. Blood and lavage fluid were evaluated for total leukocyte count and leukocyte 
differential. As an additional measure of the inflammatory process, lavage fluid was also 
evaluated for total protein. Following embeddings, sectioning and hematoxylin/eosin 
staining, lung sections were evaluated for signs of inflammation and airway epithelial 
damage. 
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With the small sample size, the data from this preliminary study were not amenable to 
statistical analyses, however, some general trends could be ascertained. In the peripheral 
blood samples, total leukocyte counts showed no apparent dose- or time- dependent changes. 
In the blood leukocyte differential coimts, there may have been a minor dose-related 
5 elevation in percent neutrophil at 6 hours; however, data from all other time points showed no 
elevation in neutrophil percentages. Taken together, these data suggest little or nor systemic 
inflammatory response to the viral administration. 

From the lung lavage, some elevation in total neutrophil counts were observed at the 
first three time points (6 hr, 24 hr, 48 hr). By seven days, both total and percent neutrophil 
10 values had retumed to normal range. The trends in lung lavage protein levels were more 
difficult to assess due to inter-animal variability; however, no obvious dose- or time- 
dependent effects were apparent. First, no damage to airway epitheliimi was observed at any 
time point or virus dose level. Second, a time- and dose- dependent mild inflammatory 
response was observed, being maximal at 48 hr in the high virus dose animals. By seven 
15 days, the inflammatory response had completely resolved, such that the lungs from animals in 
all treatment groups were indistinguishable. 

In summary, a mild, transient, pulmonary inflammatory response appears to be 
associated with the intratracheal administration of the described doses of adenoviral vector in 
the Syrian Hamster. 

20 A second, single intratracheal dose, hamster study has been initiated. This study is 

designed to assess the possibility of the spread of ineffective viral vectors to organs outside of 
the lung and the antibody response of the animals to the adenoviral vector. In this study, the 
three treatment groups (vehicle control, low dose virus, high dose virus) each contained 12 
animals. Animals will be evaluated at three time points: 1 day, 7 days, and 1 month. In this 

25 study, viral vector persistence and possible spread will be evaluated by the assessment of the 
presence of infective virions in nimierous organs including lung, gut, heart, liver, spleen, 
kidney, brain and gonads. Changes in adenoviral antibody titer will be measured in 
peripheral blood and limg lavage. Additionally, lung lavage, peripheral blood and limg 
histology will be evaluated as in the previous study. 

30 

b. Primate studies. 

Studies of recombinant adenovirus are also underway in primates. The goal of these 
studies is to assess the ability of recombinant adenoviral vectors to deliver genes to the 
respiratory epithelium in vivo and to assess the safety of the construct in primates. Initial 
35 studies in primates targeted nasal epithelia as the site of infection because of its similarity to 
lower airway epithelia, because of its accessibility, and because nasal epithelia was used for 
the first human studies. The Rhesus monkey (Macaca mulatto) has been chosen for studies, 
because it has a nasal epithelium similar to that of humans. 
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How expression of CFTR affects the electrolyte transport properties of the nasal 
epithelium can be studied in patients with cystic fibrosis. But because the primates have 
normal CFTR function, instead the ability to transfer a reporter gene was assessed. Therefore 
the Ad-pGal virus was used. The epithelial cell density in the nasal cavity of the Rhesus 
5 monkey is estimated to be 2 x 10^ cells/cm (based on an average nasal epithelial cell 

diameter of 7 |Lim) and the surface near 25-50 cm^. Thus, there are about 5 x 10^ cells in the 
nasal epithelium of Rhesus monkey. To focus especially on safety, the higher viral doses 
(20-200 MOI) were used in vivo. Thus doses in the range of 109-10l0pfu were used. 

In the first pilot study the right nostril of Monkey A was infected with Ad-P-Gal (-1 

10 ml). This viral preparation was purified by CsCl gradient centrifugation and then by gel 

filtration chromatography one week later. Adenoviruses are typically stable in CsCl at 4°C 
for one to two weeks. However, this viral preparation was found to be defective (i.e., it did 
not produce detectable p-galactosidase activity in the permissive 293 cells). Thus, it was 
concluded that there was no live viral activity in the material, p-galactosidase activity in 

1 5 nasal epithelial cells firom Monkey A was also not detected. Therefore, in the next study, two 
different preparations of Ad-p-Gal virus: one that was purified on a CsCl gradient and then 
dialyzed against Tris-buffered saline to remove the CsCl, and a crude unpurified one was 
used. Titers of Ad-P-Gal viruses were -2x1010 p£u/ml and > 1 x lO^^ pfii/ml, respectively, 
and both preparations produced detectable p-galactosidase activity in 293 cells. 

20 Monkeys were anesthetized by intramuscular injection of ketamine (15 mg/kg). One 

week before administration of virus, the nasal mucosa of each monkey was brushed to 
establish baseline cell differentials and levels of p-galactosidase. Blood was drawn for 
baseline determination of cell differentials, blood chemistries, adenovirus antibody titers, and 
viral cultures. Each monkey was also examined for weight, temperature, appetite, and 

25 general health prior to infection. 

The entire epitheliimi of one nasal cavity was used in each monkey. A foley catheter 
(size 10) was inserted through each nasal cavity into the phar3aix, inflated with 2-3 ml of air, 
and then pulled anteriorly to obtain tight posterior occlusion at the posterior choana. Both 
nasal cavities were then irrigated with a solution (-5 ml) of 5 mM dithiothreitol plus 0.2 U/ml 

30 neuraminidase in phosphate-buffered saline (PBS) for five minutes. This solution was used 
to dissolve any residual mucus overlaying the epithelia. (It was subsequently found that such 
treatment is not required.) The washing procedure also allowed the determination of whether 
the balloons were effectively isolating the nasal cavity. The virus (Ad-P-Gal) was then 
slowly instilled into the right nostril with the posterior balloon inflated. The viral solution 

35 remained in contact with the nasal mucosa for 30 minutes. At the end of 30 minutes, the 

remaining viral solution was removed by suction. The balloons were deflated, the catheters 
removed, and the monkey allowed to recover from anesthesia. Monkey A received the CsCl- 
purified virus (-1.5 ml) and Monkey B received the crude virus (~6 ml), (note that this was 
the second exposure of Monkey A to the recombinant adenovirus). 
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Both monkeys were followed daily for appearance of the nasal mucosa, conjimctivitis, 
appetite, activity, and stool consistency. Each monkey was subsequently anesthetized on 
days 1, 4, 7, 14, and 21 to obtain nasal, pharyngeal, and tracheal cell samples (either by 
swabs or bmshes) as described below. Phlebotomy was performed over the same time course 
5 for hematology, ESR, general screen, antibody serology and viral cultures. Stools were 
collected every week to assess viral cultures. 

To obtain nasal epithelial cells from an anesthetized monkey, the nasal mucosa was 
first impregnated with 5 drops of Afrin (0.05% oxymetazoline hydrochloride, Schering- 
Plough) and 1 ml of 2% Lidocaine for 5 min. A cytobrush (the kind typically used for Pap 

10 smears) was then used to gently rub the mucosa for about 10 seconds. For tracheal brushings, 
a flexible fiberoptic bronchoscope; a 3 mm cytology brush (Bard) was advanced through the 
bronchoscope into the trachea, and a small area was brushed for about 10 seconds. This 
procedure was repeated twice to obtain a total of --lO^ cells/ml. Cells were then collected on 
slides (approximately 2 x 10^ cells/slide using a Cytospin 3 (Shandon, PA)) for subsequent 

1 5 staining (see below). 

To determine viral efficacy, nasal, pharyngeal, and tracheal cells were stained for p- 
galactosidase using X-gal (5 bromo-4-chloro-3-indolyl-(5-D-galactoside). Cleavage of X-gal 
by p-galactosidase produces a blue color that can be seen with light microscopy. The Ad-P- 
gal vector included a nuclear-localization signal (NLS) (from SV40 large T-antigen) at the 

20 amino-terminus of the p-galactosidase sequence to direct expression of this protein to the 
nucleus. Thus, the number of blue nuclei after staining was determined. 

RT-PCR (reverse transcriptase-polymerase chain reaction) was also used to determine 
viral efficacy. This assay indicates the presence of p-galactosidase mRNA in cells obtained 
by brushings or swabs. PGR primers were used in both the adenovirus sequence and the 

25 LacZ sequence to distinguish virally-produced mRNA from endogenous mRNA. PCR was 
also used to detect the presence of the recombinant adenovirus DNA. Cytospin preparations 
was used to assess for the presence of virally produced P-galactosidase mRNA in the 
respiratory epithelial cells using in-situ hybridization. This technique has the advantage of 
being highly specific and will allow assessment which cells are producing the mRNA. 

30 Whether there was any inflammatory response was assessed by visual inspection of 

the nasal epithelium and by cytological examination of Wright-stained cells (cytospin). The 
percentage of neutrophils and lymphocytes were compared to that of the control nostril and to 
the normal values from four control monkeys. Systemic repsonses by white blood cell 
covmts, sedimentation rate, and fever were also assessed. 

35 Viral replication at each of the time points was assessed by testing for the presence of 

live virus in the supernatant of the cell suspension from swabs or brushes. Each supematant 
was used to infect (at several dilutions) the virus-sensitive 293 cell line. Cytopathic changes 
in the 293 cells were monitored for 1 week and then the cells were fixed and stained for p- 
galactosidase. Cytopathic effects and blue-stained cells indicated the presence of live virus. 
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Positive supematants will also be subjected to analysis of nonintegrating DNA to identify 
(confirm) the contributing virus(es). 

Antibody titers to type 2 adenovirus and to the recombinant adenovirus were 
determined by ELISA. Blood/serum analysis was performed using an automated chemistry 
5 analyzer Hitachi 737 and an automated hematology analyzer Technicom H6. The blood 
buffy coat was cultured in A549 cells for wild type adenovirus and was cultured in the 
permissive 293 cells. 

Results: Both monkeys tolerated the procedure well. Daily examination revealed no 
evidence of coryza, conjunctivitis or diarrhea. For both monkeys, the nasal mucosa was 

1 0 mildly erythematous in both the infection side and the control side; this was interpreted as 
being due to the instrumentation. Appetites and weights were not affected by virus 
administrated in either monkey. Physical examination on days 1, 4,7, 14 and 21 revealed no 
evidence of lymphadenopathy, tachypnea, or tachycardia. On day 21, monkey B had a 
temperature 39. PC (normal for Rhesus monkey 38.8°C) but had no other abnormalities on 

15 physical exam or in laboratory data. Monkey A had a slight leukocytosis on day 1 post 
infection which retumed to normal by day 4; the WBC was 4,920 on the day of infection, 
8,070 on day 1, and 5,200 on day 4. The ESR did not change after the infection. Electrolytes 
and transaminases were normal throughout. 

Wright stains of cells from nasal brushing were performed on days 4, 7, 14, and 21. 

20 They revealed less than 5% neutrophils and lymphocj^es. There was no difference between 
the infected and the control side. 

X-Gal stains of the pharyngeal swabs revealed blue-stained cells in both monkeys on 
days 4, 7, and 14; only a few of the cells had clear nuclear localization of the pigment and 
some pigment was seen in extracellular debris. On day 7 post infection, X-Gal stains from 

25 the right nostril of monkey A, revealed a total of 135 ciliated cells with nuclear-localized blue 
stain. The control side had only 4 blue cells Monkey B had 2 blue cells fi-om the infected 
nostril and none from the control side. Blue cells were not seen on day 7, 14, or 21 . 

RT-PCR on day 3 post infection revealed a band of the correct size that hybridized 
with a P-Gal probe, consistent with P-Gal mRNA in the samples from Monkey A control 
, 30 nostril and Monkey B infected nostril. On day 7 there was a positive band in the sample from 
the infected nostril of Monkey A, the same specimen that revealed blue cells. 

Fluid from each nostril, the pharynx, and trachea of both monkeys was placed on 293 
cells to check for the presence of live vims by cytopathic effect and X-Gal stain. In Monkey 
A, live virus was detected in both nostrils on day 3 after infection; no live virus was detected 

35 at either one or two weeks post-infection. In Monkey B, live virus was detected in both 
nostrils, pharynx, and trachea on day 3, and only in the infected nostril on day 7 after 
infection. No live vims was detected 2 weeks after the infection. 
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c. Human Explant Studies 

In a second type of experiment, epithelial cells from a nasal polyp of a CF patient 
were cultured on permeable filter supports. These cells form an electrically tight epithelial 
monolayer after several days in culture. Eight days after seeding, the cells were exposed to 
5 the Ad2/CFTR virus for 6 hours. Three days later, the short-circuit current (Isc) across the 
monolayer was measured. cAMP agonists did not increase the Isc, indicating that there was 
no change in chloride secretion. However, this defect was corrected after infection with 
recombinant Ad2/CFTR. Cells infected with Ad2/CFTR (MOI=5; MOT refers to multiplicity 
of infection; 1 MOT indicates one pfii/cell) express fimctional CFTR; cAMP agonists 

10 stimulated Isc, indicating stimulation of CI" secretion. Ad2/CFTR also corrected the CF 
chloride channel defect in CF tracheal epithelial cells. Additional studies indicated that 
Ad2/CFTR was able to correct the chloride secretory defect without altering the 
transepithelial electrical resistance; this result indicates that the integrity of the epithelial cells 
and the tight junctions was not disrupted by infection with Ad2/CFTR. Application of 1 MOI 

1 5 of Ad2/CFTR was also found to be sufficient to correct the CF chloride secretory defect. 

The experiments using primary cultures of human airway epithelial cells indicate that 
the Ad2/CFTR virus is able to enter CF airway epithelial cells and express sufiBcient CFTR to 
correct the defect in chloride transport. 

20 Example 9 -In Vivo Delivery to and Expression of CFTR in Cotton Rat and Rhesus Monkey 
EpjthpUiTO 

MATERIALS AND METHODS 

Adenovirus vector 

25 Ad2/CFTR-1 was prepared as described in Example 7. The DNA construct comprises 

a fiiU length copy of the Ad2 genome of approximately 37.5 kb from which the early region 1 
genes (nucleotides 546 to 3497) have been replaced by cDNA for CFTR (nucleotides 123 to 
4622 of the published CFTR sequence with 53 additional linker nucleotides). The viral Ela 
promoter was used for CFTR cDNA. Termination/polyadenylation occurs at the site 

30 normally used by the Elb and protein IX transcripts. The recombinant virus E3 region was 
conserved. The size of the Ad2-CFTR-1 vector is approximately 104.5% that of wild-type 
adenovirus. The recombinant virus was grown in 293 cells that complement the El early 
viral promoters. The cells were frozen and thawed three times to release the virus and the 
preparation was pxirified on a CsCl gradient, then dialyzed against Tris-buffered saline (TBS) 

35 to remove the CsCl, as described. 
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Rats, Twenty two cotton rats (6-8 weeks old, weighing between 80-100 g) were used 
for this study. Rats were anesthetized by inhaled methoxyflurane (Pitman Moore, Inc., 
Mundelen, 111). Virus was applied to the lungs by nasal instillation during inspiration. 
5 Two cotton rat studies were performed. In the first study, seven rats were assigned to 

a one time pulmonary infection with 100 |il solution containing 4.1 x lO^ plaque forming 
units (pfu) of the Ad2/CFTR-1 virus and 3 rats served as controls. One control rat and either 
two or three experimental rats were sacrificed with methoxyflurane and studies at each of 
three time points: 4, 1 1, or 15 days after infection. 

10 The second group of rats was used to test the effect of repeat administration of the 

recombinant virus. All 12 rats received 2.1 x 10^ pfii of the Ad2/CFTR-1 virus on day 0 and 
9 of the rats received a second dose of 3.2 x 10^ pfu of Ad2/CFTR-1 14 days later. Groups 
of one control rat and three experimental rats were sacrificed at 3, 7, or 14 days after the 
second administration of virus. Before necropsy, the trachea was cannulated and 

15 brochoaveolar lavage (BAL) was performed with 3 ml aliquots of phosphate-buffered salme. 
A median sternotomy was performed and the right ventricle cannulated for blood collection. 
The right lung and trachea were fixed in 4% formaldehyde and the left limg was fi-ozen in 
liquid nitrogen and kept at -TO^'C for evaluation by immunochemistry, reverse transcriptase 
polymerase chain reaction (RT-PCR), and viral culture. Other organs were removed and 

20 quickly frozen in liquid nitrogen for evaluation by polymerase chain reaction (PGR). 

Monkeys. Three female Rhesus monkeys were used for this study; a fourth female 
monkey was kept in the same room, and was used as control. For application of the virus, the 
monkeys were anesthetized by intramuscular injection of ketamine (15 mg/kg). The entire 
epitheliimi of one nasal cavity in each monkey was used for virus application. A foley 

25 catheter (size 10) was inserted through each nasal cavity into the pharynx, the balloon was 
inflated with 2-3 ml of air, and then pulled anteriorly to obtain a tight occlusion at the 
posterior choana. The Ad2/CFTR-1 virus was then instilled slowly in the right nostril with 
the posterior balloon inflated. The viral solution remained in contact with the nasal mucosa 
for 30 min. The balloons were deflated, the catheters were removed, and the monkeys were 
. 30 allowed to recover from anesthesia. A similar procedure was performed on the left nostril, 
except that TBS solution was instilled as a control. The monkeys received a total of three 
doses of the virus over a period of 5 months. The total dose given was 2.5 x 10^ pfu the first 
time, 2.3 x lO^ pfu the second time, and 2.8 x 10^ pfu the third time. It was estimated that 
the cell density of the nasal epithelia to be 2 x 10^ cells/cm^ and a siuface area of 25 to 50 

35 cm2. This corresponds to a multiplicity of infection (MOI) of approximately 25. 

The animals were evaluated 1 week before the first administration of virus, on the day 
of administration, and on days 1, 3, 6, 13, 21, 27, and 42 days after infection. The second 
administration of virus occurred on day 55. The monkeys were evaluated on day 55 and then 
on days 56, 59, 62, 69, 76, 83, 89, 96, 103, and 1 1 1. For the third administration, on day 134, 
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only the left nostril was cannulated and exposed to the viras. The control monkey received 
instillations of PBS instead of virus. Biopsies of the left medial turbinate were carried out on 
day 135 in one of the infected monkeys, on day 138 on the second infected monkey, and on 
day 142 on the third infected monkey and on the control monkey. 
5 For evaluations, monkeys were anesthetized by intramuscular injection of ketamine 

(15 mg/kg). To obtain nasal epithelial cells, the nasal mucosa was first impregnated with 5 
drops of Afrin (0.05% oxymetazoline hydrochloride, Schering-Plough) and 1 ml of 2% 
Lidocaine for 5 minutes. A cytobrush was then used to gently rub the mucosa for about 3 
sec. To obtain pharyngeal epithelial swabs, a cotton-tipped applicator was rubbed over the 
10 back of the pharynx 2-3 times. The resulting cells were dislodged fi*om brushes or 

applicators into 2 ml of sterile PBS. Biopsies of the medial turbinate were performed using 
cupped forceps under direct endoscopic control. 

Animals were evaluated daily for evidence of abnormal behavior of physical signs. A 
record of food and fluid intake was used to assess appetite and general health. Stool 
1 5 consistency was also recorded to check for the possibility of diarrhea. At each of the 

evaluation time points, rectal temperature, respiratory rate, and heart rate were measured. 
The nasal mucosa, conjimctivas, and pharsmx were visually inspected. The monkeys were 
also examined for lymphadenopathy. 

Venous blood from the monkeys was collected by standard venipuncture technique. 
20 Blood/serum analysis was performed in the clinical laboratory of the University of Iowa 

Hospitals and Clinics using a Hitachi 737 automated chemistry analyzer and a Technicom H6 
automated hematology analyzer. 

Serology 

25 Sera were obtained and anti-adenoviral antibody titers were measured by an enzyme- 

linked immimoadsorbant assay (ELISA). For the ELISA, 50 ng/well of filled adenovims 
(Lee Biomolecular Research Laboratories, San Diego, Ca) in O.IM NaHC03 were coated on 
96 well plates at 4°C overnight. The test samples at appropriate dilutions were added, 
starting at a dilution of 1/50. The samples were incubated for 1 hour, the plates washed, and 

30 a goat anti-human IgG HRP conjugate (Jackson ImmunoResearch Laboratories, West Grove, 
PA) was added and incubated for 1 hour. The plates were washed and O-Phenylenediamine 
(Sigma Chemical Co., St. Louis, MO) was added for 30 mm. at room temperature. The assay 
was stopped with 4.5 M H2SO4 and read at 490 nm on a Molecular Devices microplate 
reader. The titer was calculated as the product of the reciprocal of the initial dilution and the 

35 reciprocal of the dilution in the last well with an OD>0. 1 00. 

Neutralizing antibodies measure the ability of the monkey serum to prevent infection 
of 293 cells by adenovirus. Monkey serum (1 :25 dilution) [or nasal washings (1 :2 dilutions)] 
was added in two-fold serial dilutions to a 96 well plate. Adenovirus (2.5 x 10^ pfu) was 
added and incubated for 1 hour at 37°C. The 293 cells were then added to all wells and the 



wo 94/12649 



-37- 



PCTAJS93/11667 



plates were incubated until the serum-free control wells exhibited >95% cytopathic effect. 
The titer was calculated as the product of the reciprocal of the initial dilution times the 
reciprocal of the dilution in the last well showing >95% cytopathic effect. 

5 Bronchoalveolar lavage and nasal brushings for cytology 

Bronchoalveolar lavage (B AL) was performed by cannulating the trachea with a 
silastic catheter and injecting 5 ml of PBS. Gentle suction was applied to recover the fluid. 
The BAL sample was spun at 5000 rpm for 5 min. and cells were resuspended in 293 media 
at a concentration of 10^ cells/ml. Cells were obtained from the monkey's nasal epithelium 
10 by gently rubbing the nasal mucosa for about 3 sec. with a cytobrush. The resulting cells 
were dislodged from the brushes into 2 ml of PBS. Forty microliters of the cell suspension 
were cytocentrifuged onto slides and stained with Wright's stain. Samples were examined by 
light microscopy. 

15 

Histology of lung sections and nasal biopsies 

The right lung of each cotton rat was removed, inflated with 4% formaldehyde, and 
embedded in paraffin for sectioning. Nasal biopsies from the monkeys were also fixed with 
4% formaldehyde. Histologic sections were stained wdth hematoxylin and eosin (H&B). 
20 Sections were reviewed by at least one of the study persoimel and by a pathologist who was 
imaware of the treatment each rat received. 

Immunocytochemistry 

Pieces of lung and trachea of the cotton rats and nasal biopsies were frozen in liquid 

25 nitrogen on O.C.T. compound. Cryosections and paraffin sections of the specimens were 

used for immxmofluorescence microscopy. Cytospin slides of nasal brushings were prepared 
on gelatin coated slides and fixed with paraformaldehyde. The tissue was permeabilized with 
Triton X-100, then a pool of monoclonal antibodies to CFTR (M13-1, Ml-4) (Denning, G.M. 
et al. (1992) J. Clin. Invest. 89:339-349) was added and incubated for 12 hours. The primary 

30 antibody was removed and an anti-mouse biotinylated antibody (Biomeda, Foster City, CA) 
was added. After removal of the secondary antibody, streptavidin FITC (Biomeda, Foster 
City, Ca) was added and the slides were observed imder a laser scanning confocal 
microscope. Both control animal samples and non-immxme IgG stained samples were used as 
controls. 

35 

PGR 

PCR was performed on pieces of small bowel, brain, heart, kidney, liver, ovaries, and 
spleen from cotton rats. Approximately 1 g of the rat organs was mechanically ground and 
mixed with 50 ^1 sterile water, boiled for 5 min., and centrifuged. A 5 jil aliquot of the 
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supernatant was removed for further analysis. Monkey nasal brushings suspensions were 
also used for PGR. 

Nested PGR primer sets were designed to selectively amplify Ad2/GFTR-1 DNA over 
endogenous GFTR by placing one primer from each set in the adenovirus sequence and the 
5 other primer in the GFTR sequence. The first primer set amplifies a 723 bp fragment and is 
shown below: 

Ad2 5' AGT GTT GAG TGG GAG GGA GTA GAG TTT TGT CGT GGG 3' (SEQ ID 
NO:4) 

GFTR 5' GGA AAG GAG GGA TGG AGA GGA AAT GTG GG 3' (SEQ ID NO:5) 
10 The nested primer set amplifies a 506 bp fragment and is shown below: 
Ad2 5' GTG GTG GGA GGG GGT GGG AGC TAG 3' (SEQ ID NO:6) 
GFTR 5' GGA AAA ATG GGT GGG TGT AGG AGG AGT GTG G 3' (SEQ ID NO:7) 

A PGR reaction mix containing lOmM Tris-Gl (pH 8.3), SOmM KGl, 1.5 mM MgGl2, 
0.001% (w/v) gelatin, 400 ^iM each dNTP, 0.6 each primer (first set), and 2.5 units 
1 5 AmpliTaq (Perkin Elmer) was aliquoted into separate tubes. A 5 (al aliquot of each sample 
prep was then added and the mixture was overlaid with 50 jil of light mineral oil. The 
samples were processed on a Bamstead/Thermolyne (Dubuque, lA) thermal cycler 
programmed for 1 min. at 94°C, 1 min. at 65°C, and 2 min. at 72**C for 40 cycles. Post-run 
dwell was for 7 min. at 72°G. A 5 jil aliquot was removed and added to a second PGR 
20 reaction using the nested set of primers and cycled as above. A 10 |al aliquot of the final 
amplification reaction was analyzed on a 1% agarose gel and visualized with ethidium 
bromide. 

To determine the sensitivity of this procedure, a PGR mix containing control rat liver 
supernatant was aliquoted into several tubes and spiked with dilutions of Ad2/GFTR-L 
Following the amplification protocols described above, it was determined that the nested 
PGR procedure could detect as little as 50 pfu of viral DNA. 

RT-PCR 

RT-PGR was used to detect vector-generated mRNA in cotton rat lung tissue and 
samples from nasal brushings from monkeys. A 200 \il aliquot of guanidine isothiocyanate 
solution (4 M guanidine isothiocyanate, 25 mM sodiimi citrate pH 7.0, 0.5% sarcosyl, and 0.1 
M p-mercaptoethanol) was added to a frozen section of each lung and pellet from nasal 
brushings and the tissue was mechanically ground. Total RNA was isolated utilizing a 
single-step method (Ghomczynski, P. and Sacchi, N. et al. (19S7) Analytical Biochemistry 
162:156-159; Hanson, G.A. et al. (1990) ^m. J. Pathol. 137:1-6). The RNA was incubated 
with 1 unit RQl RNase-free DNase (Promega Gorp., Madison WI)) at 37°G for 20 min., 
denatured at 99'^G for 5 min., precipitated with ammonium acetate and ethanol, and 
redissolved in 4 ^il diethylpyrocarbonate treated water containing 20 units RNase Block 1 
(Stratagene, La JoUa GA). A 2 |al aliquot of the purified RNA was reverse transcribed using 
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the GeneAmp RNA PCR kit (Perkin Elmer Cetus) aad the downstream primer from the first 
primer set described in the previous section. Reverse transcriptase was omitted from the 
reaction with the remaining 2 \il of the purified RNA prep, as a control in which preparations 
(both +/- RT) were then amplified using nested primer sets and the PCR protocols described 
5 above. A 10 |al aliquot of the final amplification reaction was analyzed on a 1% agarose gel 
and visualized with ethidium bromide. 



SQUthpm analysis . 

To verify the identity of the PCR products, Southem analysis was performed. The 
1 0 DNA was transferred to a nylon membrane as described (Sambrook et al-, supra), A 
fragment of CFTR cDNA (amino acids #1-525) was labeled with [32p].dCTP (ICN 
Biomedicals, Inc. Irvine CA) using an oligolabeling kit (Pharmacia, Piscataway, NJ) and 
purified over a NICK colimm (Pharmacia Piscataway, NJ) for use as a hybridization probe. 
The labeled probe was denatured, cooled, and incubated with the prehybridized filter for 15 
15 hours at 42°C. The hybridized filter was then exposed to film (Kodak XAR-5) for 10 min. 



C ulture QfAd2/CFTR - l 

20 Viral cultures were performed on the permissive 293 cell line. For culture of virus 

from lung tissue, 1 g of lung was frozen/thawed 3-6 times and then mechanically disrupted in 
200 |Lil of 293 media. For culture of BAL and monkey nasal brushings, the cell suspension 
was spim for 5 min and the supematant was collected. Fifty \xl of the supematant was added 
in duplicate to 293 cells grown in 96 well plates at 50% confluence. The 293 cells were 

25 incubated for 72 hr at 37°C, then fixed with a mixture of equal parts of methanol and acetone 
for 10 min. and incubated with FITC-labeled anti-adenovirus monoclonal antibodies 
(Chemicon, Light Diagnostics, Temecuca, CA) for 30 min. Positive nuclear 
immunofluorescence was interpreted as positive culture. The sensitivity of the assay was 
evaluated by adding dilutions of Ad2/CFTR-1 to 50 (xl of the lung homogenate from one of 

30 the control rats. Viral replication was detected when as little as 1 pfii was added. 

RESULTS 

Efficacy of Ad2/CFTR-1 in the lungs of cotton rats . 

To test the ability of Ad2/CFTR-1 to transfer CFTR cDNA to the intrapulmonary 
35 airway epithelium, several studies were performed. 4x10 pfii - lU of Ad2/CFTR-1 in 100 |li1 
was adminstered to seven cotton rats; three control rats received 100 |il of TBS (the vehicle 
for the virus). The rats were sacrificed 4, 10 or 14 days later. To detect viral transcripts 
encoding CFTR, reverse transcriptase was used to prepare cDNA from lung homogenates. 
The cDNA was amplified with PCR using primers that span adenovirus and CFTR-encoded 
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sequences. Thus, the procedure did not detect endogenous rat CFTR. Figure 16 shows that 
the lungs of animals which received Ad2/CFTR-1 were positive for virally-encoded CFTR 
mRNA. The lungs of all control rats were negative. 

To detect the protein, lung sections were immunostained with antibodies specific to 
5 CFTR. CFTR was detected at the apical membrane of bronchial epithelium from all rats 

exposed to Ad2/CFTR-1, but not from control rats. The location of recombinant CFTR at the 
apical membrane is consistent with the location of endogenous CFTR in human airway 
epithelium. Recombinant CFTR was detected above background levels because endogenous 
levels of CFTR in airway epithelia are very low and thus, difficult to detect by 
10 immunocytochemistry (Trapnell, B. et aL (1991) Proc, Natl Acad Set USA 88:6565-6569; 
Denning, G.M. et al. (1992)^ Cell Biol 118:551-59). 

These results show that Ad2/CFTR-1 directs the expression of CFTR mRNA in the 
lung of the cotton rat and CFTR protein in the intrapulmonary airways. 

15 Safety of Ad2/CFTR-1 in ppttpn r^t?. 

Because the El region of Ad2 is deleted in the Ad2/CFTR-1 virus, the vector was 
expected to be replication-impaired (Berkner, K.L. (1988) BioTechniques 6:616-629) and that 
it would be unable to shut off host cell protein synthesis (Basuss, L.E. et al. (1989) J, Virol 
50:202-212). Previous in vitro studies have suggested that this is the case in a variety of cells 

20 including primary cultures of himian airway epithelial cells (Rich, D.P. et al. (1993) Human 
Gene Therapy 4:461-476). However, it is important to confirm this in vivo in the cotton rat, 
which is the most permissive animal model for human adenovirus infection (Ginsberg, H.S. 
et al. (1989) Proa Natl Acad. Set USA 86:3823-3827; Prince, G.A. et al. (1993) J. Virol 
67:101-111). Although dose of virus of 4. 1 x 1 0 1 0 pflis per kg was used, none of the rats 

25 died. More importantly, extracts from lung homogenates from each of the cotton rats were 
cultured in the permissive 293 cell line. With this assay 1 pfu of recombinant virus was 
detected in limg homogenate. However, virus was not detected by culture in the lungs of any 
of the treated animals. Thus, the virus did not appear to replicate in vivo. 

It is also possible that administration of Ad2/CFTR-1 could cause an inflammatory 
« 30 response, either due to a direct effect of the virus or as a result of administration of viral 
particles. Several studies were performed to test this possibility. None of the rats had a 
change in the total or differential white blood cell count, suggesting that there was no major 
systemic inflammatory response. To assess the pulmonary inflammatory response more 
directly, bronchoalveolar lavage was performed on each of the rats (Figures 17A and 17B). 

35 Figure 1 7 A shows that there was no change in the total number of cells recovered from the 
lavage or in the differential cell count. 

Sections of the lung stained by H&E were also prepared. There was no evidence of 
viral inclusions or any other changes characteristic of adenoviral infection (Prince, G.A. et al. 
(1993) J. Virol 67:101-1 11). When coded lung sections were evaluated by a skilled reader 
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who was unaware of which sections were treated, she was unable to distinguish between 
sections from the treated and untreated lungs. 

It seemed possible that the recombinant adenovirus could escape from the lung into 
other tissues. To test for this possibility, other organs from the rats were evaluated using 
5 nested PGR to detect viral DNA. All organs tested from infected rats were negative, with the 
exception of small bowel which was positive in 3 of 7 rats. Figure 18 shows the results of 2 
infected rats and one control rat sacrificed on day 4 after infection. The organ homogenates 
from the infected rats sacrificed were negative for Ad2/CFTR-1 with the exception of the 
small bowel. Organ homogenates from control rats sacrificed on day 4 after infection were 

10 negative for Ad2/CFTR-1 . The presence of viral DNA in the small bowel suggests that the 
rats may have swallowed some of the virus at the time of instillation or, alternatively, the 
normal airway clearance mechanisms may have resulted in deposition of viral DNA in the 
gastrointestinal tract. Despite the presence of viral DNA in homogenates of small intestine, 
none of the rats developed diarrhea. This result suggests that if the virus expressed CFTR in 

15 the intestinal epithelium, there was no obvious adverse consequence. 

Repgat actoiini$tratiQn of A42/CFTR-1 tQ wnon rm 

Because adenovirus DNA integration into chromosomal DNA is not necessary for 
gene expression and only occurs at very low frequency, expression following any given 

20 treatment was anticipated to be finite and that repeated administration of recombinant 

adenovirus would be required for treatment of CF airway disease. Therefore, the effect of 
repeated administration of Ad2/CFTR-1 cotton rats was examined. Twelve cotton rats 
received 50 \xl of Ad2/CFTR-1 . Two weeks later, 9 of the rats received a second dose of 50 in 
1 of Ad2/CFTR-1 and 3 rats received 50 yd of TBS. Rats were sacrificed on day 3, 7, or 14 

25 after virus administration. At the time of the second vector administration all cotton rats had 
an increased antibody titer to adenovims. 

After the second intrapulmonary administration of virus, none of the rats died. 
Moreover, the results of studies assessing safety and efficacy were similar to results obtained 
in animals receiving adenovims for the first time. Viral cultures of rat lung homogenates on 

30 293 cells were negative at all time points, suggesting that there was no vims replication. 
There was no difference between treated and control rats in the total or differential white 
blood count at any of the time points. The lungs were evaluated by histologic sections 
stained with H&E; and foxmd no observable differences between the control and treated rats 
when sections were read by us or by a blinded skilled reader. Examples of some sections are 

35 shown in Figure 19. When organs were examined for viral DNA using PGR, viral DNA was 
found only in the small intestine of 2 rats. Despite seropositivity of the rats at the time of the 
second administration, expression of CFTR (as assessed by RT-PCR and by 
immvinocytochemistry of sections stained with CFTR antibodies) similar to that seen in 
animals that received a single administration was observed. 



wo 94/12649 



-42- 



PCT/US93/11667 



These results suggest that prior administration of Ad2/CFTR-1 and the development 
of an antibody response did not cause an inflammatory response in the rats nor did it prevent 
virus-dependent production of CFTR. 

5 Evidence that Ad2/CFTR-1 expresses CFTR in primate airway epithelium 

The cells lining the respiratory tract and the immune system of primates are similar to 
those of hxmians. To test the ability of Ad2/CFTR-1 to transfer CFTR to the respiratory 
epithelium of primates, Ad2/CFTR was applied on three occasions as described in the 
methods to the nasal epithelium of three Rhesus monkeys. To obtain cells from the 
10 respiratory epithelium, the epithelium was brushed using a procedure similar to that used to 
sample the airway epithelium of humans during fiberoptic bronchoscopy. 

To assess gene transfer, RT-PCR was used as described above for the cotton rats, RT 
- PCR was positive on cells brushed from the right nostril of all three monkeys, although it 
was only detectable for 1 8 days after virus administration. An example of the results are 
1 5 shown in Figure 20A. The presence of a positive reaction in cells from the left nostril most 
likely represents some virus movement to the left side due to drainage, or possibly from the 
monkey moving the virus from one nostril to the other with its fingers after it recovered from 
anesthesia. 

The specificity of the RT-PCR is shown in Figure 20B. A Southem blot with a probe 

20 to CFTR hybridized with the RT-PCR product from the monkey infected with Ad2/CFTR-L 
As a control, one monkey received a different virus (Ad2/pGal-l) which encodes P- 
galactosidase. When diflferent primers were used to reverse transcribe the P-galactosidase 
mRNA and amplify the cDNA, the appropriate PCR product was detected. However, the 
PCR product did not hybridize to the CFTR probe on Southem blot. This result shows the 

25 specificity of the reaction for amplification of the adenovirus-directed CFTR transcript. 

The failure to detect evidence of adenovirus-encoded CFTR mRNA at 1 8 days or 
beyond suggests that the sensitivity of the RT-PCR may be low because of limited efficacy of 
the reverse transcriptase or because RNAses may have degraded RNA after cell acquisition. 
Viral DNA, however, was detected by PCR in brushings from the nasal epithelium for 

30 seventy days after application of the virus. This result indicates that although mRNA was not 
detected after 2 weeks, viral DNA was present for a prolonged period and may have been 
transcriptionally active. 

To assess the presence of CFTR proteins directly, cells obtained by brushing were 
plated onto slides by cytospin and stained with antibodies to CFTR. Figure 21 shows an 

35 example of the immunocytochemistry of the brushed cells. A positive reaction is clearly 
evident in cells exposed to Ad2/CFTR-1 . The cells were scored as positive by 
immimocytochemistry when evaluated by a reader uninformed to the identity of the samples. 
Immunocytochemistry remained positive for five to six weeks for the three monkeys, even 
after the second administration of Ad2/CFTR-1 . On occasion, a few positive staining cells 
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were observed from the contralateral nostril of the monkeys. However, this was of short 
duration, lasting at most one week. 

Sections of nasal turbinate biopsies obtained within a week after the third infection 
were also examined. In sections from the control monkey, little if any immunofluorescence 
5 from the surface epithelium was observed, but the submucosal glands showed significant 
staining of CFTR (Fig. 22). These observations are consistent with results of previous 
studies (Engelhardt, J.F. and Wilson, J.M. (1992) Nature Gen. 2:240-248.) In contrast, 
sections from monkeys that received Ad2/CFTR-1 revealed increased immunofluorescence at 
the apical membrane of the surface epithelium. The submucosal glands did not appear to 
10 have greater immunostraining than was observed under control conditions. These results 
indicate that Ad2/CFTR-1 can transfer the CFTR cDNA to the airway epithelium of Rhesus 
monkeys, even in seropositive animals (see below). 

Safety of Ad2/CFTR-1 administered to monkevs 

1 5 Figure 23 shows that all three treated monkeys developed antibodies against 

adenovirus. Antibody titers measured by ELISA rose vsdthin two weeks after the first 
infection. With subsequent infections the titer rose vsdthin days. The sentinel monkey had 
low antibody titers throughout the experiment. Tests for the presence of neutralizing 
antibodies were also performed. After the first administration, neutralizing antibodies were 

20 not observed, but they were detected after the second administration and during the third viral 
administration (Fig. 23). 

To detect virus, supematants from nasal brushings and swabs were cultured on 293 
cells. All monkeys had positive cultures on day 1 and on day 3 or 4 from the infected nostril. 
Cultures remained positive in one of the monkeys at seven days after administration, but 

25 cultures were never positive beyond 7 days. Live virus was occasionally detected in swabs 
from the contra lateral nostril during the first 4 days after infection. The rapid loss of 
detectable virus suggests that there was not viral replication. Stools were routinely cultured, 
but virus was never detected in stools from any of the monkeys. 

None of the monkeys developed any clinical signs of viral infection or inflammation. 

30 Visual inspection of the nasal epithelium revealed slight erythema in all three monkeys in 

both nostrils on the first day after infection; but similar erythema was observed in the control 
monkey and likely resulted from the instrumentation. There was no visible abnormalities at 
days 3 or 4, or on weekly inspection thereafter. Physical examination revealed no fever, 
lymphadenopathy, conjxmctivitis, tachypnea, or tachycardia at any of the time points. No 

35 abnormalities were found in a complete blood count or sedimentation rate, nor were 

abnormalities observed in serum electrolytes, transaminases, or blood urea nitrogen and 
creatinine. 

Examination of Wright-stained cells from the nasal brushings showed that neutrophils 
and lymphocytes accounted for less than 5% of total cells in all three monkeys. 
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Administration of the Ad2/CFTR-1 caused no change in the distribution or number of 
inflammatory cells at any of the time points following virus administration. H&E stains of 
the nasal turbinate biopsies specimens from the control monkey could not be differentiated 
from that of the experimental monkey when the specimens were reviewed by an independent 
5 pathologist. (Fig. 24) 

These results demonstrate the ability of a recombinant adenovirus encoding CFTR 
(Ad2/CFTR-1) to express CFTR cDNA in the airway epitheliimi of cotton rats and monkeys 
during repeated administration. They also indicate that application of the virus involves little 
if any risk. Thus, they suggest that such a vector may be of value in expressing CFTR in the 

1 0 airway epithelium of humans with cystic fibrosis. 

Two methods were used to show that Ad2/CFTR-1 expresses CFTR in the airway 
epithelium of cotton rats and primates: CFTR mRNA was detected using RT-PCR and 
protein was detected by immxmocytochemistry. Duration of expression as assessed 
immunocytochemically was five to six weeks. Because very little protein is required to 

15 generate CI" secretion (Welsh, M.J. (1987) Physiol Rev. 67:1 143-1 184; Trapnell, B.C. et al. 

(1991) Proc. Natl Acad Scl USA 88:6565-6569; Denning, G.M. et aL (1992) J. Cell Biol 
1 18:551-559), it is likely that ftinctional expression of CFTR persists substantially longer 
than the period of time during which CFTR was detected by immunocytochemistry. Support 
for this evidence comes from two consderations: first, it is very difficult to detect CFTR 

20 immuncytochemically in the airway epithelixun, yet the expression of an apical membrane 
CI" permeability due to the presence of CFTR CI' channels is readily detected. The ability 
of a minimal amount of CFTR to have important functional effects is likely a result of the 
fact that a single ion channel conducts a very large number of ions (10^ - 10^ ions/sec). 
Thus, ion channels are not usually abundant proteins in epithelia. Second, previous work 

25 suggests that the defective electrolyte transport of CF epithelia can be corrected when only 6- 
10% of cells in a CF airway epithelium overexpress wild-type CFTR (Johnson, L.G. et al. 

(1992) Nature Gen. 2:21-25). Thus, correction of the biologic defect in CF patients may be 
possible when only a small percent of the cells express CFTR. This is also consistent with 
our previous studies in vitro showing that Ad2/CFTR-1 at relatively low multiplicities of 

. 30 infection generated a cAMP-stimulated CI*" secretory response in CF epithelia (Rich, D.P. et 
al. (1993) Human Gene Therapy 4:46U47 6). 

This study also provides the first comprehensive data on the safety of adenovirus 
vectors for gene transfer to airway epitheliimi. Several aspects of the studies are 
encouraging. There was no evidence of viral replication, rather infectious viral particles were 
35 rapidly cleared from both cotton rats and primates. These data, together with our previous in 
vitro studies, suggest that replication of recombinant virus in humans will likely not be a 
problem. The other major consideration for safety of an adenovirus vector in the treatment of 
CF is the possibility of an inflammatory response. The data indicate that the virus generated 
an antibody response in both cotton rats and monkeys. Despite this, no evidence of a 
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systemic or local inflammatory response was observed. The cells obtained by 
bronchoalveolar lavage and by brushing and swabs were not altered by virus application. 
Moreover, the histology of epithelia treated with adenovirus was indistinguishable from that 
of control epithelia. These data suggest that at least three sequential exposures of airway 
5 epithelium to adenovirus does not cause a detrimental inflammatory response. 

These data suggest that Ad2/CFTR-1 can effectively transfer CFTR cDNA to airway 
epithelium and direct the expression of CFTR. They also suggest that transfer is relatively 
safe in animals. Thus, they suggest that Ad2/CFTR-1 may be a good vector for treating 
patients with CF. This was confirmed in the foUovraig example. 

10 

Example 10 - CFTR Gene Therapv in Nas al Epithelia from Human CF Subjects 
EXPERIMENTAL PROCEDURES 

15 Adenovirus vector 

The recombinant adenovirus Ad2/CFTR-1 was used to deliver CFTR cDNA. The 
construction and preparation of Ad2/CFTR-1, and its use in vitro and in vivo in animals, has 
been previously described (Rich, D.P. et al. (1993) Human Gene Therapy 4:461-476; Zabner, 
J. et al. (1993) Nature Gen. (in press)). The DNA construct comprises a full length copy of 

20 the Ad2 genome from which the early region 1 genes (nucleotides 546 to 3497) have been 
replaced by cDNA for CFTR. The viral Ela promoter was used for CFTR cDNA; this is a 
low to moderate strength promoter. Termination/polyadenylation occurs at the site normally 
used by Elb and protein IX transcripts. The E3 region of the virus was conser\'ed. 

25 Patients 

Three patients with CF were studied. Genotype was determined by IG Labs 
(Framingham, MA). All three patients had mild CF as defined by an NIH score > 70 
(Taussig, L.M. et al. (1973) J, Pediatr. 82:380-390), a normal weight for height ratio, a 
forced expiratory volume in one second (FEVl) greater than 50% of predicted and an arterial 

30 PO2 greater than 72. All patients were seropositive for type 2 adenovirus, and had no recent 
viral illnesses. Pretreatment cultures of nasal swabs, pharyngeal swabs, sputum, urine, stool, 
and blood leukocytes were negative for adenovirus. PCR of pretreatment nasal brushings 
using primers for the adenovirus El region were negative. Patients were evaluated at least 
twice by FEVl, cytology of nasal mucosa, visual inspection, and measurement of before 

35 treatment. Prior to treatment, a coronal computed tomographic scan of the paranasal sinuses 
and a chest X-ray were obtained. 

The first patient was a 21 year old woman who was diagnosed at 3 months after birth. 
She had pancreatic insufficiency, a positive sweat chloride test (101 mEq/1), and is 
homozygous for the AF508 mutation. Her NIH score was 90 and her FEVl was 83% 
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predicted. The second patient was a 36 year old man who was diagnosed at the age of 1 3 
when he presented with symptoms of pancreatic insufiSciency. A sweat chloride test revealed 
a chloride concentration of 70 mEq/1. He is a heterozygote with the AF508 and G55ID 
mutations. His NIH score was 88 and his FEVI was 66% predicted. The third patient was a 
5 50 year old woman, diagnosed at the age of 9 with a positive sweat chloride test (104 mEq/1). 
She has pancreatic insufficiency and insulin dependent diabetes mellitus. She is homo2ygous 
for the AF508 mutation. Her NIH score was 73 and her FEVI was 65% predicted. 

Transepithelial voltage 

10 The transepithelial electric potential difference across the nasal epithelium was 

measxired using techniques similar to those previously described (Alton, E.W.F.W. et al 
(1987) Thorax 42:815-817; Knowles, M. et al. (1981) N. Eng, X Med 305:1489-1495). A 23 
gauge subcutaneous needle connected with sterile normal saline solution to a silver/silver 
chloride pellet (E.W. Wright, Gxiilford, CT) was used as a reference electrode. The exploring 

15 electrode was a size 8 rubber catheter (modified Argyle^ Foley catheter, St. Louis, MO) with 
one side hole at the tip. The catheter was filled with Ringer's solution containing (in mM), 
135 NaCl, 2.4 KH2PO2, K2HPO4, 1.2CaCL2, 1.2 MgCl2 and 10 Hepes (titrated to pH 7.4 
with NaOH) and was connected to a silver/silver chloride pellet. Voltage was measured with 
a voltmeter (Keithley Instruments Inc., Cleveland, OH) connected to a strip chart recorder 

20 (Servocorder, Watanabe Instruments, Japan). Prior to the measurements, the silver/silver 

chloride pellets were connected in series with the Ringer's solution; the pellets were changed 
if the recorded was greater than ±4 mV. The rubber catheter was introduced into the 
nostril vmder telescopic guidance (Hopkins Telescope, Karl Storz, Tuttlingen West Germany) 
and the side hole of the catheter was placed next to the study area in the medical aspect of the 

25 inferior nasal turbinate. The distance from the anterior tip of the inferior turbinate and the 

spatial relationship with the medial turbinate, the maxillary sinus ostium, and in one patient a 
small polyp, were used to locate the area of Ad2/CFTR-1 administration for measurements. 
Photographs and video recorder images were also used. Basal Vt was recorded until no 
changes in Vt were observed after slow intermittent 100 jul/min infiision of the Ringer's 

30 solution. Once a stable baseline was achieved, 200 fj.1 of a Ringefs solution containing 100 ja 
M amiloride (Merck and Co. Inc., West Point, PA) was instilled through the catheter and 
changes in Vt were recorded until no further change were observed after intermittent 
instillations. Finally, 200 ^il Ringer*s solution containing 100 |liM amiloride plus 10 |j.M 
terbutaline (Geigy Pharmaceuticals, Ardsley, NY) was instilled and the changes in Vt were 

35 recorded. 

Measurements of basal Vt were reproducible over time: in the three treated patients, 
the coefficients of variation before administration of Ad2/CFTR-1 were 3.6%, 12%, and 
12%. The changes induced by terbutaline were also reproducible. In 30 measurements in 9 
CF patients, the terbutaline-induced changes in Vt (AVt) ranged from 0 mV to +4 mV; 
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hyperpolarization of was never observed. In contrast, in 7 normal subjects AVt ranged 
from -1 mV to -5 mV; hyperpolarization was always observed. 

Ad2/CFTR-1 application and cell acquisition 
5 The patients were taken to the operating room and monitoring was commenced using 

continuous EKG and pulse oximetry recording as well as automatic intermittent blood 
pressure measurement. After mild sedation, the nasal mucosa was anesthetized by atomizing 
0.5 ml of 5% cocaine. The mucosa in the area of the inferior turbinate was then packed with 
cotton pledgets previously soaked in a mixture of 2 ml of 0.1% adrenaline and 8 ml of 1% 

10 tetracaine. The pledgets remained in place for 10-40 min. Using endoscopic visualization 
with a television monitoring system, the applicator was introduced through the nostril and 
positioned on the medial aspect of the inferior turbinate, at least three centimeters from its 
anterior tip (Figures 25A-25I). The viral suspension was infused into the applicator through 
connecting catheters. The position of the applicator was monitored endoscopically to ensure 

1 5 that it did not move and that enough pressure was applied to prevent leakage. After the virus 
was in contact with the nasal epithelitrai for thirty minutes, the viral suspension was removed, 
and the applicator was withdrawn. In the third patient's right nasal cavity, the virus was 
applied using the modified Foley catheter used for Vt measurements. The catheter was 
introduced without anesthetic under endoscopic guidance until the side hole of the catheter 

20 was in contact with the area of interest in the inferior turbinate. The viral solution was 

infiised slowly until a drop of solution was seen with the telescope. The catheter was left in 
place for thirty minutes and then removed. 

Cells were obtained from the area of virus administration approximately 2 weeks 
before treatment and then at weekly intervals after treatment. The inferior turbinate was 

25 packed for 10 minutes with cotton pledgets previously soaked in 1 ml of 5% cocaine. Under 
endoscopic control, the area of administration was gently brushed for 5 seconds. The brushed 
cells were dislodged in PBS. Swabs of the nasal epithelia were collected using cotton tipped 
applicators without anesthesia. Cytospin slides were prepared and stained with Wright's 
stain. Light microscopy was used to assess the respiratory epithelial cells and inflammatory 

30 cells. For biopsies, sedatives/anesthesia was administered £is described for the application 
procedure. After endoscopic inspection, and identification of the site to be biopsied, the 
submucosa was injected with 1% xylocaine, with 1/100,000 epinephrine. The area of virus 
application on the inferior turbinate was removed. The specimen was fixed in 4% 
formaldehyde and stained. 

35 

RESULTS 

On day one after Ad2/CFTR-1 administration and at all subsequent time points, 
Ad2/CFTR-1 from the nasal epithelium, pharynx, blood, urine, or stool could not be cultured. 
As a control for the sensitivity of the culture assay, samples were routinely spiked with 10 
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and 100 lU Ad2/CFTR-1 . In every case, the spiked samples were positive, indicating that, at 
a minimum, 10 lU of Ad2/CFTR should have been detected. No evidence of a systemic 
response as assessed by history, physical examination, serum chemistries or cell counts, chest 
and sinus X-rays, pulmonary function tests, or arterial blood gases performed before and after 
5 Ad2/CFTR-1 administration. An increase in antibodies to adenovirus was not detectable by 
ELISA or by neutralization for 35 days after treatment. 

Three to four hours after Ad2/CFTR-1 administration, at the time that local anesthesia 
and localized vasoconstriction abated, all patients began to complain of nasal congestion and 
in one case, mild rhinorrhea. These were isolated symptoms that diminished by 1 8 hours and 

10 resolved by 28 to 42 hours. Inspection of the nasal mucosa showed mild to moderate 

erythema, edema, and exudate (Figures 25A-25C). These physical findings followed a time 
course similar to the symptoms. The physical findings were not limited to the site of virus 
application, even though preliminary studies using the applicator showed that marker 
methylene blue was limited to the area of application. In two additional patients with CF, the 

1 5 identical anesthesia and application procedure were used, but saline was applied instead of 
vims, yet the same symptoms and physical findings were observed in these patients (Figures 
25G-25I), Moreover, the local anesthesia and vasoconstriction generated similar changes 
even when the applicator was not used, suggesting that the anesthesia/vasoconstriction caused 
some, if not all the injury. Twenty-four hours after the application procedure, analysis of 

20 ceils removed from nasal swabs revealed an equivalent increase in the percent neutrophils in 
patients treated with Ad2/CFTR-1 or with saline. One week after application, the 
neutrophilia had resolved in both groups. Respiratory epithelial cells obtained by nasal 
brushing appeared normal at one week and at subsequent time points, and shov/ed no 
evidence of inclusion bodies. To further evaluate the mucosa, the epithelium was biopsied on 

25 day three in the first patient and day one in the second patient. Independent evaluation by 
two pathologists not otherwise associated with the study suggested changes consistent with 
mild trauma and possible ischemia (probably secondary to the anesthetic/vasoconstrictors 
used before viras administration), but there were no abnormalities suggestive of virus- 
mediated damage. 

30 Because the application procedure produced some mild injury in the first two patients, 

the method of administration was altered in the third patient. The method used did not 
require the use of local anesthesia or vasoconstriction and which was thus less likely to cause 
injury, but which was also less certain in its ability to constrain Ad2/CFTR-1 in a precisely 
defined area. On the right side, Ad2/CFTR-1 was administered as in the first two patients, 

35 and on the left side, the virus was administered without anesthesia or the applicator, instead 
using a small Foley catheter to apply and maintain Ad2/CFTR-1 in a relatively defined area 
by surface tension (Figure 25E). On the right side, the symptoms and physical findings were 
the same as those observed in the first two patients. By contrast, on the left side there were 
no symptoms and on inspection the nasal mucosa appeared normal (Figures 25D-25F). Nasal 
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swabs obtained from the right side showed neutrophilia similar to that observed in the first 
two patients. In contrast, the left side which had no anesthesia and minimal manipulation, 
did not develop neutrophilia. Biopsy of the left side on day 3 after administration (Figure 
26), showed morphology consistent with CF— a thickened basement membrane and 
5 occasional polymorphonuclear cells in the submucosa— but no abnormalities that could be 
attributed to the adenovirus vector. 

The first patient developed symptoms of a sore throat and increased cough that began 
three weeks after treatment and persisted for two days. Six weeks after treatment she 
developed an exacerbation of her bronchitis/bronchiectasis and hemoptysis that required 

10 hospitalization. The second patient had a transient episode of minimal hemoptysis three 
weeks after treatment; it was not accompanied by any other symptoms before or after the 
episode. The third patient has an exacerbation of bronchitis three weeks after treatment for 
which she was given oral antibiotics. Based on each patient's pretreatment clinical history, 
evaluation of the episodes, and viral cultures, no evidence could be discemed that linked 

15 these episodes to administration of Ad2/CFTR-L Rather the episodes appeared consistent 
with the normal course of disease in each individual. 

The loss of CFTR CI" channel fimction causes abnormal ion transport across affected 
epithelia, which in turn contributes to the pathogenesis of CF-associated airway disease 
(Boat, T.F. et al. in The Metabolic Basis of Inherited Diseases (Scriver, C.R. et al. eds., 

20 McGraw-Hill, New York (1989); Quinton, P.M. (1990) FASEB J. 4:2709-2717). In airway 
epithelia, ion transport is dominated by two electrically conductive processes: amiloride- 
sensitive absorption of Na"*" from the mucosal to the submucosal surface and cAMP- 
stimulated CI" secretion in the opposite direction. (Quinton, P.M. (1990) FASEB J. 4:2709- 
2717; Welsh, M.J. (1987) Physiol Rev, 67:1143-1184). These two transport processes can be 

25 assessed noninvasively by measuring the voltage across the nasal epithelium (V^) in vivo 
(Knowles, M. et al (1981) N. Eng, J. Med 305:1489-1495; Alton, E.W.F.W. et al.(1987) 
Thorax 42:815-817). Figure 27 shows an example from a normal subject. Under basal 
conditions, was electrically negative (lumen referenced to the submucosal surface). 
Perfiision of amiloride (100 jxM) onto the mucosal surface inhibited Vt by blocking apical 

30 Na+ channels (Knowles, M. et al (1981) K Eng. J, Med 305:1489-1495; Quinton, P.M. 
(1990) FASEB J. 4:2709-2717; Welsh, M.J. (1992) Neuron 8:821-829). Subsequent 
perfiision of terbutaline (10 |liM) a P-adrenergic agonist, hyperpolarized by increasing 
cellular levels of cAMP, opening CFTR CI" channels, and stimulating chloride secretion 
(Quinton, P.M. (1990) FASEB J. 4:2709-2717; Welsh, M.J. et al. (1992) Neuron 8:821-829). 

35 Figure 28A shows results from seven normal subjects: basal was -10.5 ± l.OmV, and in 
the presence of amiloride, terbutaline hyperpolarized by -2.3 ± 0.5mV. 

In patients with CF, was more electrically negative than in normal subjects (Figure 
28B), as has been previously reported (Knowles, M. et al. (1981) N Eng, J, Med, 305:1489- 
1495). Basal Vt was -37.0 ± 2.4 mV, much more negative than values in normal subjects (P< 
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0.001). (Note the difference in scale in Figure 28 A and Figure 28B). Amiloride inhibited V^, 
as it did in normal subjects. However, failed to hyperpolarize when terbutaline was 
perfused onto the epithelium in the presence of amiloride. Instead, Vt either did not change 
or became less negative: on average depolarized by +1 .8 ± 0.6 mV, a result very different 
5 from that observed in normal subjects. (P<0.001). 

After Ad2/CFTR-1 was applied, basal Vt became less negative in all three CF 
patients: Figure 29 A shows an example from the third patient before (Figure 29A) and after 
(Figure 29B) treatment and Figures 30A, 30C, and 30E show the time course of changes in 
basal Vt for all three patients. The decrease in basal Vt suggests that application of 

10 Ad2/CFTR-1 corrected the CF electolyte transport defect in nasal epithelium of all three 
patients. Additional evidence came from an examination of the response to terbutaline. 
Figure 3 OB shows that in contrast to the response before Ad2/CFTR-1 was applied, after 
virus replication, in the presence of amiloride, terbutaline stimulated Vt- Figures 30B, 30D, 
and 3 OF show the time course of the response. These data indicate that Ad2/CFTR-1 

15 corrected the CF defect in CI" transport. Correction of the Cl~ transport defect cannot be 

attributed to the anesthesia/application procedure because it did not occur in patients treated 
with saline instead of Ad2/CFTR-1 (Figure 31). Moreover, the effects of the anesthesia were 
generalized on the nasal mucosa, but basal Vt decreased only in the area of virus 
administration. Finally, similar changes were observed in the left nasal mucosa of the third 

20 patient (Figures 30E and 30F), which had no symptomatic or physical response after the 
modified application procedure. 

Unsuccessful attempts were made to detect CFTR transcripts by reverse transciptase- 
PCR and by immunocytochemistry in cells from nasal brushings and biopsies. Although 
similar studies in animals have been successful (Zabner, J. et al. (1993) Nature Gen. (in 

25 press)), those studies used much higher doses of Ad2/CFTR-1. The lack of success in the 
present case likely reflects the small amount of available tissue, the low MOI, the fact that 
only a fraction of cells may have been corrected, and the fact that Ad2/CFTR-1 contains a 
low to moderate strength promoter (Ela) which produces much less mRNA and protein than 
comparable constructs using a much stronger CMV promoter (unpublished observation). The 

30 Ela promoter was chosen because CFTR normally expressed at very low levels in airway 
epithelial cells (Trapnell, B.C. et al. (1991) Proc. Natl Acad Scl USA 88:6565-6569). It is 
also difficult to detect CFTR protein and mRNA in normal himian airway epithelia, although 
function is readily detected because a single ion channel can conduct a very large number of 
ions per second and thus efficiently support CI" transport. 

35 With time, the electrical changes that indicate correction of the CF defect reverted 

toward pretreatment values. However, the basal Vt appeared to revert more slowly than did 
the change in Vt produced by terbutaline. The significance of this difference is unknown, but 
it may reflect the relative sensitivity of the two measurements to expression of normal CFTR. 
In any case, this study was not designed to test the duration of correction because the treated 
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area was removed by biopsy on one side and the nasal, mucosa on the other side was brushed 
to obtain cells for analysis at 7 to 10 days after virus administration, and then at 
approximately weekly intervals. Brushing the mucosa removes cells, disrupts the epithelium, 
and reduces basal to zero for at least two days afterwards, thxis preventing an accurate 
5 assessment of duration of the effect of Ad2/CFTR- 1 . 

Efficacy of adenovirus-mediated gene transfer. 

The major conclusion of this study is that in vivo application of a recombinant 
adenovirus encoding CFTR can correct the defect in airway epithelial CI" transport that is 

10 characteristic of CF epithelia. 

Complementation of the CI" channel defect in himian nasal epithelium could be 
measured as a change in basal voltage and as a change in the response to cAMP agonists. 
Although the protocol was not designed to establish duration, changes in these parameters 
were detected for at least three weeks. These results represent the first report that 

15 administration of a recombinant adenovirus to humans can correct a genetic lesion £is 
measured by a fimctional assay. This study contrasts with most earlier attempts at gene 
transfer to humans, in that a recombinant viral vector was administered directly to humans, 
rather than using a in vitro protocol involving removal of cells fi'om the patient, transduction 
of the cells in culture, followed by reintroduction of the cells into the patient. 

20 Evidence that the CF CI" transport defect was corrected at all three doses of virus, 

corresponding to 1,3, and 25 MOI, was obtained. This result is consistent with earlier 
studies showing that similar MOIs reversed the CF fluid and electrolyte transport defects in 
primary cultures of CF airway cells grown as epithelia on permeable filter supports (Rich, 
D.P. et al. (1993) Human Gene Therapy 4:461-476 and Zabner et al. submitted for 

25 publication): at an MOI of less than 1, cAMP-stimulated CI" secretion was partially restored, 
and after treatment with 1 MOI Ad2/CFTR-1 cAMP agonists stimulated fluid secretion that 
was within the range observed in epithelia firom normal subjects. At an MOI of 1, a related 
adenovims vector produced p-galactosidase activity in 20% of infected epithelial cells as 
assessed by fluorescence-activated cell analysis (Zabner et al. submitted for publication). 

30 Such data would imply that pharmacologic dose of adenovirus in CF airways might 

correspond to an MOI of one. If it is estimated that there are 2x10^ cells/cm^ in the airway 
(Mariassy, A.T. in Comparative Biology of the Normal Lung (CRC Press, Boca Raton 1992), 
and that the airways fi*om the trachea to the respiratory bronchioles have a surface area of 
1400 cm2 (Weibel, E.R. Morphometry of the Human Lxmg (Springer Verlag, Heidelberg, 

35 1963) then there would be approximately 3x1 0^ potential target cells. Assuming a particle to 
lU ratio of 100, this would correspond to approximately 3x1 0^ 1 particles of adenovirus with 
a mass of approximately 75 |ig. While obviously only a crude estimate, such information is 
usefiil in designing animal experiments to establish the likely safety profile of a human dose. 
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It is possible that an efficacious MOI of recombinant adenovirus could be less than 
the lowest MOI tested here. Some evidence suggests that not all cells in an epithelial 
monolayer need to express CFTR to correct the CF electrolyte transport defects. Mixing 
experiments showed that when perhaps 5-10% of cells overexpress CFTR, the monolayer 
5 exhibits wild-type electrical properties (Johnson, L.G. et al. (1992) Nature Gen. 2:21-25). 
Studies using liposomes to express CFTR in mice bearing a disrupted CFTR gene also 
suggest that only a small proportion of cells need to be corrected (Hyde, S.C. et al. (1993) 
Nature 362:250-255). The results referred to above using airway epithelial monolayers and 
multiplicities of Ad2/CFTR-1 as low as 0.1 showed measurable changes in CI" secretion 
10 (Rich, D.P. et al. (1993) Human Gene Therapy 4:461-476 and Zabner et al. submitted for 
publication). 

Given the very high sensitivity of electrolyte transport assays (which result because a 
single CI" channel is capable of transporting large numbers of ions/sec) and the low activity 
of the El a promoter used to transcribe CFTR, the inability to detect CFTR protein and CFTR 

1 5 mRNA are perhaps not surprising. Although CFTR mRNA could not be detected by reverse 
transcriptase-PCR, Ad2/CFTR-1 DNA could be detected in the samples by standard PCR , 
demonstrating the presence of input DNA and suggesting that the reverse transcriptase 
reaction may have been suboptimal. This could have occurred because of factors in the tissue 
that inhibit the reverse transcriptase. Although there is little doubt that the changes in 

20 electrolyte transport measured here result from expression of CFTR, it remains to be seen 
whether this will lead to measurable clinical changes in limg function. 

Safety considerations. 

Application of the adenovirus vector to the nasal epithelium in these three patients 

25 was well-tolerated. Although mild inflammation was observed in the nasal epithelium of all 
three patients following administration of Ad2/CFTR-1, similar changes were observed in 
two volunteers who underwent a sham procedure using saline rather than the viral vector. 
Clearly a combination of anesthetic- and procedure-related trauma resulted in the changes in 
the nasal mucosa. There is insufficient evidence to conclude that no inflammation results 

30 from virus administration. However, using a modified administration of the highest MOI of 
vims tested (25 MOI) in one patient, no inflammation was observed under conditions that 
resulted in evidence of biophysical efficacy that lasted xmtil the area was removed by biopsy 
at three days. 

There was no evidence of replication of Ad2/CFTR-1 . Earlier studies had established 
35 that replication of Ad2/CFTR-1 in tissue culture and experimental animals is severely 

impaired (Rich, D.P. et al. (1993) Human Gene Therapy 4:461-476; Zabner, J. et al. (1993) 
Nature Gen. (in press)). Replication only occurs in cells that supply the missing early 
proteins of the El region of adenovims, such as 293 cells, or under conditions where the El 
region is provided by coinfection with or recombination with an El -containing adenovirus 
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(Graham, F.L. and Prevec, L. Vaccines: New Approaches to Immunological Problems (R.W. 
Ellis, ed., Boston, Butterworth-Heinermann, 1992); Berkner, K.L. (1988) Biotechniques 
6:616-629). The patients studied here were seropositive for adenovirus types 2 and 5 prior to 
the study were negative for adenovirus upon culture of nasal swabs prior to administration of 
5 Ad2/CFTR-1, and were shown by PGR methods to lack endogenous El DNA sequences such 
as have been reported in some human subjects (Matsuse T. et al. (1992) Am. Rev. Respir. Dis. 
146:177-184). 

Example 1 1 - Construction and Packaging of Pseudo Adenoviral Vector rPAV;i 

10 With reference to Figure 32, the PAV construct was made by inserting the Ad2 

packaging signal and El enhancer region (0-358 nt) in Bluescript II SK- (Stratagene, LaJoUa, 
CA). A variation of this vector, known as PAV II was constructed similarly, except the Ad2 
packaging signal and El enhancer region contained 0-380 nt. The addition of nucleotides at 
the 5' end results in larger PAVs, which may be more efficiently packaged, yet would include 

15 more adenoviral sequences and therefore could potentially be more immunogenic or more 
capable of replicating. 

To allow ease of manipulation for either the insertion of gene coding regions or 
complete excision and use in transfections for the purpose of generating infectious particles, a 
complementary plasmid was also built in pBluescript SKII-. This complementary plasmid 

20 contains the Ad2 major late promoter (MLP) and tripartite leader (TPL) DNA and an SV40 
T-antigen nuclear localization signal (NLS) and polyadenylation signal (SVpA). As can be 
seen in Figure 32, this plasmid contains a convenient restriction site for the insertion of genes 
of interest between the MLP/TPL and SV40 poly A. This construct is engineered such that 
the entire cassette may be excised and inserted into the former PAV I or PAV II construct. 

25 Generation of PAV infectious particles was performed by excision of PAV from the 

plasmid with the Apa I and Sac II restriction endonucleases and co-transfection into 293 cells 
(an Ela/Elb expressing cell line) (Graham, F.L. et al, (1977) J. Gen Virol 36:59-1 A) wdth 
either wild-type Ad2, or packaging/replication deficient helper virus. Purification of PAV 
from helper can be accompanied by CsCl gradient isolation as PAV viral particles will be of a 

30 lower density and will band at a higher position in the gradient. 

For gene therapy, it is desirable to generate significant quantities of PAV virion free 
from contaminating helper virus. The primary advantage of PAV over standard adenoviral 
vectors is the ability to package large DNA inserts into virion (up to about 36 kb). However, 
PAV requires a helper virus for replication and packaging and this helper virus will be the 

35 predominant species in any PAV preparation. To increase the proportion of PAV in viral 
preparation several approaches can be employed. For example, one can use a helper virus 
which is partially defective for packaging into virions (either by virtue of mutations in the 
packaging sequences (Grable, M. and Hearing P. (1992) J. Virol 66: 723-731)) or by virtue 
of its size -viruses with genome sizes greater than approximately 37.5 kb package 
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inefficiently. In mixed infections with packaging defective virus, PAV would be expected to 
be represented at higher levels in the virus mixture than would occur with non-packaging 
defective helper viruses. 

Another approach is to make the helper virus dependent upon PAV for its own 
5 replication. This may most easily be accomplished by deleting an essential gene from the 
helper virus (e.g. IX or a terminal protein) and placing that gene in the PAV vector. In this 
way neither PAV nor the helper virus is capable of independent replication - PAV and the 
helper virus are therefore co-dependent. This should result in higher PAV representation in 
the resulting virus preparation. 

10 A third approach is to develop a novel packaging cell line, which is capable of 

generating significant quantities of PAV virion free from contaminating helper vims. A 
novel protein IX, (pIX) packaging system has been developed. This system exploits several 
documented features of adenovirus molecular biology. The first is that adenoviral defective 
particles are known to comprise up to 30% or more of standard wild-type adenoviral 

15 preparations. These defective or incomplete particles are stable and contain 15-95% of the 
adenoviral genome, typically 15-30%. Packagmg of a PAV genome (15-30% of wild-type 
genome) should package comparably. Secondly, stable packaging of full-length Ad genome 
but not genomes <95% required the presence of the adenoviral gene designated pIX. 
The novel packaging system is based on the generation of an Ad protein pIX 

20 expressing 293 cell line. In addition, an adenoviral helper virus engineered such that the El 
region is deleted but enough exogenous material is inserted to equal or slightly exceed the 
full length 36 kb size. Both of these two constructs would be introduced into the 293/pIX 
cell line as purified DNA. In the presence of pIX, yields of both predicted progeny viruses as 
seen in current PAV/Ad2 production experiments can be obtained. Virus containing lysates 

25 from these cells can then be titered independently (for the marker gene activity specific to 
either vector) and used to infect standard 293 (lacking pIX) at a multiplicity of infection of 1 
relative to PAV. Since research with this line as well as from incomplete or defective particle 
research indicates that full length genomes have a competitive packaging advantage, it is 
expected that infection with an MOI of 1 relative to PAV will necessarily equate to an 

30 effective MOI for helper of greater than 1 . All cells will presumably contain both PAV (at 
least 1) and helper (greater than 1). Replication and viral capsid production in this cell 
should occur normally but only PAV genomes should be packaged. Harvesting these 
293/pIX cultures is expected to yield essentially helper-free PAV. 

35 Example 12 - Construction of Ad2-E4/ORF 6 

Ad2-E4/ORF6 (Figure 33 shows the plasmid construction of Ad2-E4/ORF6) which is 
an adenovirus 2 based vector deleted for all Ad2 sequences between nucleotides 32815 and 
35577. This deletion removes all open reading frames of E4 but leaves the E4 promoter and 
first 32-37 nucleotides of the E4 mRNA intact. In place of the deleted sequences, a DNA 



wo 94/12649 



-55- 



PCT/US93/11667 



fragment encoding ORF6 (Ad2 nucleotides 34082-33178) which was derived by polymerase 
chain reaction of Ad2 DNA with ORF6 specific DNA primers 

(Genzyme oligo. # 2371 - CGGATCCTTTATTATAGGGGAAGTCCACGCCTAC (SEQ. 
ID N0:8) and oligo. #2372 - CGGGATCCATCGATGAAATATGACTACGTCCG (SEQ. 
5 ID NO:9) were inserted). Additional sequences supplied by the oligonucleotides included a 
cloning site at the 5* and 3' ends of the PGR fragment (Clal and BamHl respectively) and a 
polyadenylation sequence at the 3' end to ensure correct polyadenylation of the ORF6 
mRNA. As illustrated in Figure 33, the PGR fragment was first ligated to a DNA fragment 
including the inverted terminal repeat (ITR) and E4 promoter region of Ad2 (Ad2 nucleotides 

10 35937-35577) and cloned in the bacterial plasmid pBluescript (Stratagene) to create plasmid 
ORF6. After sequencing to verify the integrity of the ORF6 reading frame, the fragment 
encompassing the ITR and ORF6 was subcloned into a second plasmid, pAd A E4, which 
contains the 3' end of Ad2 from a Sac I site to the 3' ITR (Ad2 nucleotides 28562-35937) and 
is deleted for all E4 sequences (promoter to poly A site Ad2 positions 32815-35641) using 

1 5 flanking restriction sites. In this second plasmid, virus expressing only E4 ORF6, pAdORF6 
was cut with restriction enzyme Pad and ligated to Ad2 DNA digested with PacL This Pad 
site corresponds to Ad2 nucleotide 28612. 293 cells were transfected with the ligation and 
the resulting virus was subjected to restriction analysis to verify that the Ad2 E4 region had 
been substituted with the corresponding region of pAdORF6 and that the only remaining E4 

20 open reading frame was ORF6. 

A cell line could in theory be established that would fully complement E4 functions 
deleted from a recombinant virus. The problem with this approach is that E4 functions in the 
regulation of host cell protein synthesis and is therefore toxic to cells. The present 
recombinant adenoviruses are deleted for the El region and must be grown in 293 cells which 

25 complement El functions. The E4 promoter is activated by the Ela gene product, and 

therefore to prevent inadvertent toxic expression of E4 transcription of E4 must be tightly 
regulated. The requirements of such a promoter or transactivating system is that in the 
iminduced state expression must be low enough to avoid toxicity to the host cell, but in the 
induced state must be sufficiently activated to make enough E4 gene product to complement 

30 the E4 deleted virus during virus production. 



Example 13 

An adenoviral vector is prepared as described in Example 7 while substituting the 
phosphoglycerate kinase (PGK) promoter for the Ela promoter. 

35 

Example 14 

An adenoviral vector is prepared as described in Example 1 1 while substituting the 
PGK promoter for the Ad2 major late promoter (MLP). 
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Example 15: Gener ation of Ad2-ORF6/PGK-CFTR 

This protocol uses a second generation adenovirus vector named Ad2-ORF6/PGK- 
CFTR, This virus lacks El and in its place contains a modified transcription unit with the 
PGK promoter and a poly A addition site flanking the CFTR cDNA. The PGK promoter is 
5 of only moderate strength but is long lasting and not subject to shut off. The E4 region of the 
vector has also been modified in that the whole coding sequence has been removed and 
replaced by ORF6, the only E4 gene essential for growth of Ad in tissue culture. This has the 
effect of generating a genome of 101% the size of wild type Ad2. 

The DNA construct comprises a fiill length copy of the Ad2 genome fi*om which the 

10 early region 1 (El) genes (present at the 5' end of the viral genome) have been deleted and 
replaced by an expression cassette encoding CFTR. The expression cassette includes the 
promoter for phosphoglycerate kinase (PGK) and a polyadenylation (poly A) addition signal 
firom the bovine growth hormone gene (BGH). In addition, the E4 region of Ad2 has been 
deleted and replaced with only open reading fi-ame 6 (ORF6) of the Ad2 E4 region. The 

1 5 adenoviras vector is referred to as AD2-ORF6/PGK-CFTR and is illustrated schematically in 
Figure 34. The entire wild-type Ad2 genome has been previously sequenced (Roberts, R.J., 
(1986) In Adenovirus DNA, W. Oberfler, editor, Matinus Nihofif Publishing, Boston) and the 
existing nimibering system has been adopted here when referring to the wild type genome. 
Ad2 genomic regions flanking El and E4 deletions, and insertions iiito the genome are being 

20 completely sequenced. 

The Ad2-ORF6/PGK-CFTR construct differs fi-om the one used in our earlier 
protocol (Ad2/CFTR-1) in that the latter utilized the endogenous El a promoter, had no poly 
A addition signal directly downstream of CFTR and retained an intact E4 region. The 
properties of Ad2/CFTR-1 in tissue culture and in animal studies have been reported (Rich et 

25 aL, (1 993) Human Gene Therapy 4:461-467; and Zabner et al. (1993) Nature Genetics (in 
Press). 

At the 5' end of the genome, nucleotides 357 to 3328 of Ad2 have been deleted and 
replaced with (in order 5' to 3') 22 nucleotides of linker, 534 nucleotides of the PGK 
promoter, 86 nucleotides of linker, nucleotides 123-4622 of the published CFTR sequence 

30 (Riordan et al. (1989) Science 245:1066-1073), 21 nucleotides of linker, and a 32 nucleotide 
synthetic BGH poly A addition signal followed by a final 1 1 nucleotides of linker. The 
topology of the 5' end of the recombinant molecule is illustrated in Figure 34. 

At the 3* end of the genome of Ad2-ORF6/PGK-CFTR, Ad2 sequences between 
nucleotides 32815 and 35577 have been deleted to remove all open reading frames of E4 but 

35 retain the E4 promoter, the E4 cap sites and first 32-37 nucleotides of E4 mRNA. The 
deleted sequences were replaced with a fragment derived by PGR which contains open 
reading fi-ame 6 of Ad2 (nucleotides 34082-33178) and a synthetic poly A addition signal. 
The topology of the 3' end of the molecule is shown in Figure 34. The sequence of this 
segment of the molecule will be confirmed. The remainder of the Ad2 viral DNA sequence is 
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published in Roberts, R J. in Adenovirus DNA. (W. Oberfler, Matinus Nihoff Publishing, 
Boston, 1986 ). The overall size of the Ad2-ORF6/PGK-CFTR vector is 36,336 bp which is 
101.3% of full length Ad2. See Table III for the sequence of Ad2-ORF6/PGK-CFTR. 
The CFTR transcript is predicted to initiate at one of three closely spaced 
5 transcriptional start sites in the cloned PGK promoter (Singer-Sam et al. (1984) Gene 32:409- 
417) at nucleotides 828, 829 and 837 of the recombinant vector (Singer-Sam et al. (1984) 
Gene 32:409-417). A hybrid 5' imtranslated region is comprised of 72, 80 or 81 nucleotides 
of PGK promoter region, 86 nucleotide of linker sequence, and 10 nucleotides derived from 
the CFTR insert. Transcriptional termination is expected to be directed by the BGH poly A 

10 addition signal at recombinant vector nucleotide 5530 yielding an approximately 4.7 kb 
transcript. The CFTR coding region comprises nucleotides 1010-5454 of the recombinant 
virus and nucleotides 182, 181 or 173 to 4624, 4623, or 4615 of the PGK-CFTR-BGH 
mRNA respectively, depending on v^hich transcriptional initiation site is used. Within the 
CFTR cDNA there are two differences from the published (Riordan et al, cited supra) cDNA 

15 sequence. An A to C change at position 1990 of the CFTR cDNA (published CFTR cDNA 
coordinates) which was an error in the original published sequence, and a T to C change 
introduced at position 936. The change at position 936 is translationally silent but increases 
the stability of the cDNA when propagated in bacterial plasmids (Gregory et al. (1990) 
Nature 347:382-386; and Cheng et al. (1990) Cell 63:827-834). The 3* untranslated region of 

20 the predicted CFTR transcript comprises 21 nucleotides of linker sequence and 
approximately 10 nucleotides of synthetic BGH poly A additional signal. 

Although the activity of CFTR can be measured by electrophysiological methods, it is 
relatively difficult to detect biochemically or immunocytochemically, particularly at low 
levels of expression (Gregory et al., cited supra\ and Denning et al. (1992) J, Cell Biol 

25 1 1 8:55 1-559). A high expression level reporter gene encoding the E. coli P galactosidase 

protein fiised to a nuclear localization signal derived from the SV40 T-antigen was therefore 
constructed. Reporter gene transcription is driven by the powerftil CMV early gene 
constitutive promoter. Specifically, the El region of wild type Ad2 between nucleotides 357- 
3498 has been deleted and replaced it with a 515 bp fragment containing the CMV promoter 

30 and a 3252 bp fragment encoding the p galactosidase gene. 

Regulatory Characteristics of the Elements of the AD2-ORF6/PGK-CFTR 

In general terms, the vector is similar to several earlier adenovirus vectors encoding 
CFTR but it differs in three specific ways from the Ad2/CFTR-1 construct. 



35 



PGK Promoter 

Transcription of CFTR is from the PGK promoter. This is a promoter of only 
moderate strength but because it is a so-called house keeping promoter we considered it more 
likely to be capable of long term albeit perhaps low level expression. It may also be less 
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likely to be subject to "shut-down" than some of the very strong promoters used in other 
studies especially with retroviruses. Since CFTR is not an abundant protein longevity of 
expression is probably more critical than high level expression. Expression from the PGK 
promoter in a retrovirus vector has been shown to be long lasting (Apperley et al. (1991) 
5 5/ooJ78:310-317). 

Polvadenvlation Signal 

Ad2-ORG6/PGK-CFTR contains an exogenous poly A addition signal after the CFTR 
coding region and prior to the protein IX coding sequence of the Ad2 El region. Since 

10 protein is believed to be involved in packaging of virions, this coding region was retained. 

Furthermore, since protein IX is synthesized from a separate transcript with its own promoter, 
to prevent possible promoter occlusion at the protein IX promoter, the BGH poly A addition 
signal was inserted. There is indirect evidence that promoter occlusion can be problematic in 
that Ad2/CMV pGal grows to lower viral titers on 293 cells than does Ad2/pgal-l . These 

1 5 constructs are identical except for the promoter used for p galactosidase expression. Since 
the CMV promoter is much stronger than the El a promoter it is probable that abundant 
transcription from the CMV promoter through the p galactosidase DNA into the protein IX 
coding region reduces expression of protein IX from its own promoter by promoter occlusion 
and that this is responsible for the lower titer of Ad2/CMV-pgal obtained. 

20 

Alterations of the E4 Region 

A large portion of the E4 region of the Ad2 genome has been deleted for two reasons. 
The first reason is to decrease the size of the vector used or expression of CFTR. Adenovirus 
vectors with genomes much larger than wild type are packaged less efficiently and are 

25 therefore difficult to grow to high titer. The combination of the deletions in the El and E4 
regions in Ad2-ORF6/PGK-CFTR reduce the genome size to 101% of wild type. In practice 
it is straightforward to prepare high titer lots of this virus. 

The second reason to remove E4 sequences relates to the safety of adenovirus vectors. 
A goal of these studies is to remove as many viral genes as possible to inactive the Ad2 virus 

30 backbone in as many ways as possible. The OF 6/7 gene of the E4 region encodes a protein 
that is involved in activation of the cellular transcription factor E2-F which is in turn 
implicated in the activation of the E2 region of adenovirus (Hemstrom et al. (1991) J! ViroL 
65:1440-1449). Therefore removal of ORF6/7 from adenovirus vectors may provide a fiirther 
margin of safety at least when grown in non-proliferating cells. The removal of the El region 

35 already renders such vectors disabled, in part because El a, if present, is able to displace E2-F 
from the retinoblastoma gene product, thereby also contributing to the stimulation of E2 
transcription. The ORF6 reading frame of Ad2 was added back to the E1-E4 backbone of the 
Ad2-ORF6/PGK-CFTR vector because ORF6 function is essential for production of the 
recombinant virus in 293 cells. ORF6 is believed to be involved in DNA replication, host 
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cell shut off and late mRNA accumulation in the normal adenovirus life cycle. The E1-E4- 
ORFe"*" backbone Ad2 vector does replicate in 293 cells. 

The promoter/enhancer use to drive transcription of ORF6 of E4 is the endogenous E4 
promoter. This promoter requires El a for activation and contains El a core enhancef 
5 elements and SPl transcription factor binding sites (reviev^ed in Berk, A J. (1986) Ann. Rev, 
Genet 20:75-79). 



Rgplipation Origin 

The only replication origins present in Ad2-ORF6/PGK-CFTR are those present in 
10 the Ad2 parent genome. Replication of Ad2-ORF6/PGK-CFTR sequences has not been 
detected except when complemented with wild type El activity. 



Steps Used to Derive the DNA Construct 

Construction of the recombinant Ad2-ORF6/PGK-CFTR virus was accomplished by 

15 in vivo recombination of Ad2-ORF6 DNA and a plasmid containing the 5* 10.7 kb of 
adenovirus engineered to have an expression cassette encoding the human CFTR cDNA 
driven by the PGK promoter and a BGH poly A signal in place of the El coding region. 

The generation of the plasmid, pBRAd2/PGK-CFTR is described here. The starting 
plasmid contains an approximately 7.5 kb insert cloned into the Clal and BamHI sites of 

20 pBR322 and comprises the first 10,680 nucleotides of Ad2 with a deletion of the Ad2 
sequences between nucleotides 356 and 3328. This plasmid contains a CMV promoter 
inserted into the Clal and Spel sites at the region of the El deletion and is designated 
pBRAd2/CMV. The plasmid also contains the Ad2 5' ITR, packaging and replication 
sequences and El enhancer. The El promoter, El a and most of Elb coding region has been 

25 deleted. The 3' terminal portion of the Elb coding region coincides with the pIX promoter 
which was retained. The CMV promoter was removed and replaced with the PGK promoter 
as a Clal and Spel fragment from the plasmid PGK-GCR. The resulting plasmid, 
pBRAd2/PGK, was digested with Avrll and BstBI and the excised fragment replaced with the 
Spel to BstBI fragment from the plasmid construct pAd2Ela/CFTR. This transferred a 

30 fragment containing the CFTR cDNA, BGH poly A signal and the Ad2 genomic sequences 
from 3327 to 10,670. The resultmg plasmid is designated pBRAd2/PGK-CFTR. The CFTR 
cDNA fragment was originally derived from the plasmid pCMV-CFTR-936C using 
restriction enzymes Spel and Ecll36IL pCMV-CFTR-936C consists of a minimal CFTR 
cDNA encompassing nucleotides 123-4622 of the published CFTR sequence cloned into the 

35 multiple cloning site of pRC/CMV (Invitrogen Corp.) using synthetic linkers. The CFTR 
cDNA within this plasmid has been completely sequenced. 

The Ad2 backbone virus with the E4 region that expresses only open reading frame 6 
was constructed as follows. A DNA fragment encoding ORF6 (Ad2 nucleotides 34082- 
33178) was derived by PCR with ORF6 specific DNA primers. Additional sequences 
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supplied by the oligonucleotides include cloning sites at the 5' and 3' ends of the PCR 
fragment. (Clal and BamHI respectively) and a poly A addition sequence AATAAA at the 3' 
end to ensure correct polyadenylation of ORF6 mRNA. The PCR fragment was cloned into 
pBluescript (Stratagene) along with an Ad2 fragment (nucleotides 35937-35577) containing 
5 the inverted terminal repeat, E4 promoter, E4 mRNA cap sites and first 32-37 nucleotides of 
E4 mRNA to create pORF6. A Sall - BamHI fragment encompassing the ITR and ORF6 was 
used to replace the Sall-BamHI fragment encompassing the ITR and E4 deletion in pAdAE4 
contains the 3* end of Ad2 from a Spel site to the 3' ITR (nucleotides 27123-35937) and is 
deleted for all E4 sequences including the promoter and poly A signal (nucleotides 32815- 
10 35641). The resulting construct, pAdE40RF6 was cut with Pad and ligated to Ad2 DNA 

digested with Pad nucleotide 28612). 293 cells were transfected with the ligation reaction to 
generate virus containing only open reading frame 6 from the E4 region. 

In Vitro Studies with Ad2-ORF6/PGK-CFTR 

15 The ability of Ad2-ORF6/PGK-CFTR to express CFTR in several cell lines, including 

human HeLa cells, human 293 cells, and primary cultures of normal and CF human airway 
epithelia was tested. As an example, the results from the human 293 cells is related here. 
When human 293 cells were grown on culture dishes, the vector was able to transfer CFTR 
cDNA and express CFTR as assessed by immunoprecipitation and by functional assays of 

20 halide efflux. Gregory, RJ. et al. (1990) Nature 347:382-386; Cheng, S.H. et al. (1990) Cell 
63:827-834. More specifically, procedures for preparing cell lysates, immunoprecipitation of 
proteins using anti-CFTR antibodies, one-dimensional peptide analysis and SDS- 
polyacrylamide gel electrophoresis were as described by Cheng et al. Cheng, S.H. et al, 
(1990) Cell 63:827-834. Halide efflux assays were performed as described by Cheng, S.H. et 

25 al. (1991) Cell 66:1027-1036. cAMP-stimulated CFTR chloride channel activity was 

measured using the halide sensitive fluorophore SPQ in 293 cells treated v^th 500 lU/cell 
Ad2-ORF6/PGK-CFTR. Stimulation of the infected cells with forskolin (20 jxM) and IBMX 
(100 |j,m) increased SPQ fluorescence indicating the presence of fimctional chloride channels 
produced by the vector. 

30 Additional studies using primary cultures of human airway (nasal polyp) epithelial 

cells (from CF patients) infected with Ad2-ORF6/PGK-CFTR demonstrated that Ad2- 
ORF6/PGK-CFTR infection of the nasal polyp epithelial cells resulted in the expression of 
cAMP dependent CI" channels. Figure 35 is an example of the results obtained from such 
studies. Primary cultures of CF nasal polyp epithelial cells were infected with Ad2- 

35 ORF6/PGK-CFTR at multiplicities of 0.3, 3, and 50. Three days post infection, monlayers 
were moimted in Ussing chambers and short-circuit current was measured. At the indicated 
times: (1) 10 |liM amiloride, (2) cAMP agonists (10 \xM forskolin and 100 \xM IBMX), and 
(3) 1 mM diphenylamine-2-carboxylate were added to the mucosal solution. 
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In Vivo Studigg wit h Ad2-ORF6/PGK-CFTR 
Virus preparation 

Two preparations of Ad2-ORF6/PGK-CFTR virus were used in this study. Both were 
5 prepared at Genzyme Corporation, in a Research Laboratory. The preparations were purified 
on a CsCl gradient and then dialyzed against tris-buffered saUne to remove the CsCl. The 
preparation for the first administration (lot #2) had a titer of 2 x lO^O lU/ml. The preparation 
for the second administration (lot #6) had a titer of 4 x lOlO lU/ml. 

10 Animals 

Three female Rhesus monkeys, Macaca mulatta, were used for this study. Monkey C 
(#20046) weighed 6.4 kg. Monkey D (#20047) weighed 6.25 kg. Monkey E (#20048) 
weighed 10 kg. The monkeys were housed in the University of Iowa at least 360 days before 
the start of the study. The animals were maintained with free access to food and water 

1 5 throughout the study. The animals were part of a safety study and efficacy study for a 
different viral vector (Ad2/CFTR-1) and they were exposed to 3 nasal viral instillation 
throughout the year. The previous instillation of Ad2/CFTR-1 was performed 116 days prior 
to the initiation of this study. All three Rhesus monkeys had an anti-adenoviral antibody 
response as detected by ELISA after each viral instillation. There are no known contaminants 

20 that are expected to interfere with the outcome of this study. Fluorescent lighting was 

controlled to automatically provide altemate light/dark cycles of approximately 12 hours 
each. The monkeys were housed in an isolation room in separate cages. Strict respiratory 
and body fluid isolation precautions were taken. 

25 Virug ^dminigtratioK 

For application of the virus, the monkeys were anesthetized by intramuscular injection 
of ketamine (15 mg/kg). The entire epithelium of one nasal cavity in each monkey was used 
for this study. A foley catheter (size 10) was inserted through each nasal cavity into the 
pharynx, the balloon was inflated with a 2-3 ml of air, and then pulled anteriorly to obtain a 

30 tight occlusion at the posterior choana. The Ad2-ORF6/PGK-CFTR virus was then instilled 
slowly into the right nostril with the posterior balloon inflated. The viral solution remained 
in contact with the nasal mucosa for 30 min. The balloons were deflated, the catheters were 
removed, and the monkeys were allowed to recover from anesthesia. 

On the first administration, the viral preparation had a titer of 2 x lO^^ lU/ml and 

35 each monkey received approximately 0.3 ml. Thus the total dose applied to each monkey 
was approximately 6.5 x 10^ lU. This total dose is approximately half the highest dose 
proposed for the human study. When considered on a lU/kg basis, a 6 kg monkey received a 
dose approximately 3 times greater that the highest proposed dose for a 60 kg human. 
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Timing of evaluations. 

The animals were evaluated on the day of administration, and on days 3, 7, 24, 38, 
and 44 days after infection. The second administration of virus occurred on day 44. The 
mionkeys were evaluated on day 48 and then on days 55, 62, and 129. 
5 For evaluations, monkeys were anesthetized by intramuscular injection of ketamine 

(1 5 mg/kg). To obtain nasal epithelial cells after the first viral administration, the nasal 
mucosa was first impregnated with 5 drops of Afiin (0.05% oxymetazoline hydrochloride, 
Schering-Plough) and 1 ml of 2% Lidocaine for 5 minutes. A cytobrush was then used to 
gently rub the mucosa for about 3 sec. To obtain pharyngeal epithelial swabs, a cotton-tipped 
1 0 applicator was rubbed over the back of the pharynx 2-3 times. The resulting cells were 
dislodged firom brushes or applicators into 2 ml of sterile PBS. After the second 
administration of Ad2-ORF6/PGK-CFTR, the monkeys were followed clinically for 3 weeks, 
and mucosal biopsies were obtained from the monkeys medial turbinate at days 4, 1 1 and 1 8. 

15 Animal evaluation. 

Animals were evaluated daily for evidence of abnormal behavior of physical signs. A 
record of food and fluid intake was used to assess appetite and general health. Stool 
consistency was also recorded to check for the possibility of diarrhea. At each of the 
evaluation time points, rectal temperature, respiratory rate, and heart rate were measured. 

20 The nasal mucosa, conjuctivas and pharynx were visually inspected. The monkeys were also 
examined for lymphadenopathy. 

Hematologv and serum chemistrv 

Venous blood from the monkeys was collected by standard venipimcture technique. 
25 Blood/serum analysis was performed in the clinical laboratory of the University of Iowa 
Hospitals and Clinics using a Hitatchi 737 automated chemistry analyzer and a Technicom 
H6 automated hematology analyzer. 

Serology 

30 Sera from the monkeys were obtained and anti-adeno viral antibody titers were 

measured by ELISA. For the ELISA, 50 ng/well of killed adenovirus (Lee Biomolecular 
Research Laboratories, San Diego, Ca) was coated in 0.1 M NaHC03 at 4° C overnight on 96 
well plates. The test samples at appropriate dilutions were added, starting at a dilution of 
1/50. The samples were incubated for 1 hour, the plates washed, and a goat anti-human IgG 

35 HRP conjugate (Jackson ImmunoResearch Laboratories, West Grove, PA) was added for 1 
hour. The plates were washed and O-Phenylenediamine (OPD) (Sigma Chemical Co., St. 
Louis, MO) was added for 30 min. at room temperature. The assay was stopped with 4.5 M 
H2SO4 and read at 490 nm on a Molecular Devises microplate reader. The titer was 
calculated as the product of the reciprocal of the initial dilution and the reciprocal of the 
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dilution in the last well with an OD>0. 1 00. Nasal washings from the monkeys were obtained 
and anti-adeno viral antibody titers were measured by ELISA, starting at a dilution of 1/4. 

Nasal Washings. 

5 Nasal washings were obtained to test for the possibility of secretory antibodies that 

could act as neutralizing antibodies. Three ml of sterile PBS was slowly instilled into the 
nasal cavity of the monkeys, the fluid was collected by gravity. The washings were 
centrifuged at 1000 RPM for 5 minutes and the supematant was used for anti-adenoviral, and 
neutralizing antibody measurement. 

10 

Cytology 

Cells were obtained from the monkey's nasal epithelixnn by gently rubbing the nasal 
mucosa for about 3 seconds with a cytobrush. The resulting cells were dislodged from the 
brushes into 2 ml of PBS. The cell suspension was spun at 5000 rpm for 5 min. and 
15 resuspended in 293 media at a concentration of 10^ cells/ml. Forty |li1 of the cell suspension 
was placed on slides using a Cytospin. Cj^ospin slides were stained with Wrighf s stain and 
analyzed for cell differential using light microscopy. 

Culture for Ad2-0RF<?/PFK-C FTR 

20 To assess for the presence of infectious viral particles, the supematant from the nasal 

brushings and pharyngeal swabs of the monkeys were used. Twenty-five ^.1 of the 
supematant was added in duplicate to 293 cells. 293 cells were used at 50% confluence and 
were seeded in 96 well plates. 293 cells were incubated for 72 hours at 37°C, then fixed with 
a mixture of equal parts of methanol and acetone for 1 0 min and incubated with an FITC 

25 label anti-adenovirus monoclonal antibodies (Chemicon, Light Diagnostics, Temecuca, Ca) 
for 30 min. Positive nuclear immxmofluorescence was interpreted as positive culture. 

Immunocytochemistry for the detection of CFTR. 

Cells were obtained by bmshing. Eighty |j.l of cell suspension were spun onto gelatin- 

30 coated slides. The slides were allowed to air dry, and then fixed with 4% paraformaldehyde. 
The cells were permeabilized with 0.2 Triton-X (Pierce, Rockford, II) and then blocked for 60 
minutes with 5% goat serum (Sigma, Mo). A pool of monoclonal antibodies (Ml 3-1, Ml -4, 
and M6-4) (Gregory et aL, (1990) Nature 347:382-386); Denning et al., (1992) J. Cell Biol 
1 18:(3) 551-559); Denning et al., (1992) Nature 358:761-764) were added and incubated for 

35 12 hours. The primary antibody was washed off and an antimouse biotinylated antibody 

(Biomeda, Foster City, Ca) was added. After washing, the secondary antibody, streptavidin 
FITC (Biomeda, Foster City, Ca) was added and the slides were observed with a laser 
scaiming confocal microscope. 
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Biopsies 

To assess for histologic evidence of safety, nasal medial turbinate biopsies were 
obtained on day 4, 11 and 18 after the second viral administration as described before 
(Zabner et al (1993) Human Gene Therapy, in press). Nasal biopsies were fixed in 4% 
5 formaldehyde and H&E stained sections were reviewed. 

RESULTS 

Studies of efficacy. 

10 To directly assess the presence of CFTR, cells obtained by brushing were plated onto 

slides by cytospin and stained with antibodies to CFTR. A positive reaction is clearly evident 
in cells exposed to Ad2-ORF6/PGK-CFTR. The cells were scored as positive by 
immxmocytochemistry when evaluated by a reader blinded to the identity of the samples. 
Cells obtained prior to infection and from other untreated monkeys were used as negative 

15 controls. Figures 36A-36D, 37A-37D, and 38A-38D show examples from each monkey. 



Studies of safety 

None of the monkeys developed any clinical signs of viral infections or inflanamation. 

20 There were no visible abnormalities at days 3, 4, 7 or on weekly inspection thereafter. 

Physical examination revealed no fever, lymphadenopathy, conjunctivitis, coryza, tachypnea, 
or tachycardia at any of the time points. There was no cough, sneezing or diarrhea. The 
monkeys had no fever. Appetites and weights were not affected by virus administration in 
either monkey. The data are summarized in Figures 39A-39C. 

25 The presence of live virus was tested in the supematant of cell suspensions from 

swabs and brushes from each nostril and the pharynx. Each supematant was used to infect 
the virus-sensitive 293 cell line. Live virus was never detected at any of the time points. The 
rapid loss of live virus suggests that there was no viral replication. 

The results of complete blood counts, sedimentation rate, and clinical chemistries are 

30 shown in Figure 40A-40C. There was no evidence of a systemic inflammatory response or 
other abnormalities of the clinical chemistries. 

Epithelial inflammation was assessed by cytological examination of Wright-stained 
cells (cytospin) obtained from brushings of the nasal epithelium. The percentage of 
neutrophils and l5Tnphoc3^es from the infected nostrils were compared to those of the control 

35 nostrils and v£ilues from four control monkeys. Wright stains of cells from nasal brushing 
were performed on each of the evaluation days. Neutrophils and lymphocytes accounted for 
less than 5% of total cells at all time points. The data are shown in Figure 41 . The data 
indicate that administration of Ad2-ORF6/PGK-CFTR caused no change in the distribution 
or number of inflammatory cells at any of the time points following virus administration, 
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even during a second administration of the virus. The biopsy slides obtained after the second 
Ad2-ORF6/PGK-CFTR administration were reviewed by an independent pathologist, who 
found no evidence of inflammation or any other cytopathic effects. Figures 42 to 44 show an 
example from each monkey. 
5 Figures 45A-45C shows that all three monkeys had developed antibody titers to 

adenovirus prior to the first infection with Ad2-ORF6/PGK-CFTR (Zabner et al. (1993) 
Human Gene Therapy (in press)). Antibody titers measured by ELISA rose within one week 
after the first and second administration and peaked at day 24. No anti-adeno viral antibodies 
were detected by ELISA or neutralizing assay in nasal washings of any of the monkeys. 

10 These results combined with demonstrate the ability of a recombinant adenovirus 

encoding CFTR (Ad2-ORF6/PGK-CFTR) to express CFTR cDNA in the airway epithelium 
of monkeys. These monkeys have been followed clinically for 12 months after the first viral 
administration and no complications have been observed. 

The results of the safety studies are encouraging. No evidence of viral replication was 

15 found; infectious viral particles were rapidly cleared. The other major consideration for 
safety of an adenovirus vector in the treatment of CF is the possibility of an inflammatory 
response. The data indicate that the virus generated an antibody response, but despite this, no 
evidence of a systemic or local inflammatory response was observed. The cells obtained by 
brushings and swabs were not altered by virus application. Since these Monkeys had been 

20 previously exposed three times to Ad2/CFTR-1 , these data suggest that at least five 
sequential exposures of airway epithelium to adenovims does not cause a detrimental 
inflammatory response. 

These data indicate that Ad2-ORF6/PGK-.CFTR can effectively transfer CFTR cDNA 
to airway epithelium and direct the expression of CFTR. They also indicate that transfer and 

25 expression is safe in primates. 

Equivalents 

Those skilled in the art vdll recognize, or be able to ascertain using no more than 
routine experimentation, many equivalents of the specific embodiments of the invention 
. 30 described herein. Such equivalents are intended to be encompassed by the following claims. 
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Table XL - 

10 20 30 <0 50 60 

CATCATCAAT AATATACCTT ATTrTCGATT C»AGCOlATA ?«ATJJATC^ TOGGTCGAGT 
GTAGTAGTTA TTATATGGAA TAAAACCTAA CTrCGGTTAT ACTATTACTC 
__lNVZKrED TERMINAL REPETITION-ORIGIIt OF REPi;iCATIGM . ^60> 

70 80 90 100. 110 120 

TTGTCACGTC GCGCGGGGCG TGGGAACGGG GCGGGTGJ^ TAGTAGTCTG ^gACTCT 
AACACTCCAC CGCGCCCCGC ACCCTTGCCC CC5CCCACTGC ATCATCACAC CGCCTTCACA 
H J UER T E D TE3tMIt3AIr KEPETITION-ORIGIN OF R > 

130 140 150 160 • 170 180 

.GATCTTCCAA GTtnCGCGGA ACACATGTAA GCGCCGGATG TGCTA^AAGT GA^TTTTTC 
CTACAACGTT CACACXXXCT TCTGTACATT CXSCGGCCTAC ACCATTTTCA CTGCAAAAAC 

^ ' 190 200 210 220 23T0- 240 

GTCTGCGCCG GTGTATACGG GAAGTGACAA TTTTCGCGOG GlTTTACra GATGTTCTAG 
CACACGCGGC CACATATGCC CTTCACTGTT AAAAGCGCGC CAAAATCCGC CTACAACATC 
__b__ElA SNHANCER AND VIRAL PAC3CAGING IXXOCDU. 50_> 

250 260 270 280 290 300 

TAAATITGGG CGTAACCAAG TAATGTITGG CCMTTTCGC GGGAAAACTG AATAAGAGGA 

ATTTAAACCC GCATTOGTTC ATOACAAACC (XTTAAAAC^TG CCCITTTGA 

60JD_E1A B3HANCSR AND VIRAL PACKAGING DOMAIN_0_b.: 110_> 

310 320 330 340 350 ' 3 60 

AGTCAA>.TCT GAATAATTCT GTGTTACTCA TAGCGCGTAA TATTTGTCTA GGGCCGCGGG 
TCACTTTAGA CTTATTAAGA CACAATGAGT ATCGCGCATT ATAAACAGAT CCCGG^GwCC 
120_b_ZlA ENHANCER AND VIRAL PACKAGING IX»«AlN_0_b x70_> 



370 380 



390 400 410 420 



GACTTTGACC CrTTACGTGG AaACTCGCCC AGGTGTTTTT CTCAG-GTGTT TTCCGCGTTC 
CTGAAACTGG CAAATGCACC TCTGAGCGGG TCCACAAAAA GAGTCCACAA AAGGCGCAAG 

^ElA SvHANCSR A_90_> 

J- 10_Z1A PROMOTER Ri:GICS\^_0_C 4 0_> 



4 20 



440 450 4-60 470 450 



CGGGTC;-^G TTGSCGTTTT ATTATTATAG TCAGCTa^CG CGO.GiGTAT TTAi ACCCv^G 
GGCCAGT7TC AACCGCAAAA TA-i.TAATATC AGTCGACTGC GCGTCACATA A.ATATGGGCC 
50_C 60_E1A PROMOTER REGIO.M_C ] 90_C 100_> 

4P0 500 510 520 5<C. 

TG.-.GTTCCTC A.-.G.AGGCCAC TCTTGAGTGC CAGCGAGTAG AGTTTTCTCC TCCGAGCCG-C 
v^CTCA^GC^G 'T-T'CTCCGGTG AG^.CTCACG GTCGCTC-.TC TCA^J^AGAGG AGGCTCGOZG 

h H^-3R-D £1A-C?TR-E13 KESSAGE > 

ElA. PROMOTER _12C> 

Q ZIJ^. i-^WK 5' Ul-3TRiJ^SI^ATED_d 4 0 > 

550 560 570 580 590 £C: 

TCCGAGCTAG TA^CG-G-CCGC 0\GTGTC-CTG Ci'.G^^.TATCtA AGTCGACGGT ACCCGAG.-.aA. 
AG-GCTCai.TC ATTGCCGGCG GTCACACG/'.C GTCTATAGTT TCAC-_ x GCCA TGC-G- i CT ^ . 
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__KVBBID ElA-CFTR-EiB MESSAGE _h . ^> 

LO__Snn«ETIC LINKER SBQOEMCES ^40 ^ ^^ ^^ 



610 620 630 



640 . 650 6 60 



CCATCCAGAG GTCGCCTCTG GtMAGGCCf, CCCTTGTCTC CAAACTTTTT TTCATCTGGA 
GGTACGTCTC CAGCGGXGAC CmTCGGGT CGCAACAGAG GTTTGAWAA AAGTCGAOT 

JLcYST^C FIBROSIS TF^H^DfflRANE COTOOCTAMCE KEOTIATOR; COD 

_h HYBRID EIA-CFTR-EIB MESSAGE r^rr^ 

1 40 ? 1 23 TO 4622 OF HOMAM CFTR CENA iBOx 3.90> 

670 680 690 700 710 7 20 

CCAGACCAAT TTTGAGGAAA GGATACAGAC AGCGCCTGGA ATTGTCAGAC ATATACCAAA 

'ggtctggita AAAcrccnr cctatgtctc tcgcggacct taacagtctg tatatggttt 

TR'^PT LRK GYR QRLE LSD lY Qs- 

-CYSTIC FIBROSIS TRANSHBffiRANE, CONDOCTANCE REGDIATOR; CODOi? ^ 

h H YBRID ElA-CFTR-ElB M ESSA GE _h 

2 QQ j 12 3 TO 4622 OF HOMAN CFTR. CENA ^240a^.^ 25.0> 

730 740 750 760 770 780 

TCCCTTCTGT TCMTCTGCT GACAMCTAT CTGAAAAATT GGAAAGAGAA TGGGATAGAG 
JSSSSS ^SScS CTCTTAGATA GACTTTTrAA CCTTIC^ ^S^T'"^ 
XP fiV DSA DN L SEKL ERE WDie> 

CYSTIC FIBROSXS TOANSMEMBRANE CONDOCTANCE RBGUIATOR; CODDN ^> 

^KYBRID ElA-CFTR-ElB MESSAGE :> 

2 601 !L23 TO 4622 OF HUMAN CFTR CmA 300i ^ ^3iO> 

790 800 810 820 830 840 

AGCTGGCrrC AAAGA;^^T CCTAAACTCA TTAATGCCCT JCGGCGATGT TTTTTCraG^^ 
TCGACCGAAG TTrcmTTA GGATTTGAGT ;tATTACGGGA AGCCGCTACA AAAAAGACCT 
ELAS KKN PKL INAL RRC FFW^ 

^CYSTIC FIBROSIS TRANShSffiRANE CONDUCTANCE P^GOLATOR; CODDl^ > 

IhYBRID ElA-CFTR-ElB MESSAGE h > 

:^20i 123 TO 4622 OF HUMAN CFTR CDMA 360i 37 0> 

650 S60 870 880 690 900 

(^'j^-^^Q'T^ CTJ^'^GGA^TC '^-'"jTr— ATT TAGGGGAAGT CACCAi^^AGCA GTACAGCCrrC 
c^aa;^.tacaa GA.TACCTTAG AAAAATATAA ATCCCCTTCA GTGGTTTCGT C^.TGTC&O-^.G 

- r- ,^ :r ^ G " F L V 'i- G E V T K A V Q 

CYSTIC* '=^I5ROSIS TPA.K^SHEh5RAlvE COK^DUCTANCE P3GUUAT0R; CODOlv > 

' h yriBP^D EIJ^.-CFTR-EIB MESSAGE h > 

3B0i 123 TO 4622 O? HUKAhJ CFTR CDl-iA 420i 4 3 0> 

910 920 930 940 950 960 



TC^ACTGOG .KPG^-J-TCJ^.-r.^ C-CTTCCTATG ACCCGG ATAA C;^AGaAGG.:^A COCTCTATCG 
Aa^.TGACCC TTCTT.^.CTAT CG^AGGATAC TGGGCCTATT GTTCCTCCTT GCGAG^.TAC-G 
LLL G RII ASY DPDH KE:^ RS-l> 

CYSTIC riBRCSIS TR-Jn^SMEI-SR-Jn^ C0K^UCT.2^Jn)C£ REGUI.ATOR; CODON > 

' ^ :-r^RID El^.-CFTR-^IB Mi:SS^GZ h > 

440i 123 TO 4622 OF nJl-'i^JSi CFTR CDIV^. 4801 4.9 0> 

970 980 990 1000 lOlC 1020 

CGATTTATCT AGG-CATAGGC TTATGCCTTC TCTTTATTGT GAGCL^CJ^.CTG CTCCTAe.-.CC 



wo 94/12649 



PCT/US93/11667 



CCTAWVTACyi TCCGTATCCC AATACCSXAC AGAAATAACA CTCCTCTGAC GAGCATGTGG 
AX YL GIG 1,C1j-I<FI^ ** _~ 
_CySTIC FIBROSIS TRANSMEMBRANE CO^WCTAN^ RBGOIATOR; CODON 

S aoV 1 23 TO 4622 OF HUMAN CTTR CENA 540a S50> 

1030 1040 1050 1060 1070 1O80 

-CAGCCATIXr TCGCCTXCAT CACAT^ T^JSIS? ^^^^IS iSJ^SSS 
GTCOOTAAAA ACCGGW^GTA Cmn-AACCTT ACGTCTAOtC TTATCGATAC 

CTSTIC FIBROSIS TRANSMEMBRANE COOTOCTANCE REGOIATOR; CODON ^ 

h W YBFID EIA-CFTR-EIB M ESSA GE O 

560 1 123 TO 4622 OF HUMAN CFTR OXtA ^600a ^610> 



1090 



1100 1110 1120 1130 1140 

TTTAT/iAGAA GACnTAAAG CTGTOAAGCC GTGTTCTAGA TAJAATAACT ATTGGACAAC 
AAATA:TTCrr CTGAAATTTC GACAGTTCGG CACAAGATCT ATOTATOQA. TAACCTC3TTC 
l YKK TL K LSS R VLD KIS IGQ> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDOCTANCE REGOIATOR; CODON ^> 

h • H YBRID EIA-CFTR-EIB MESSAGE ^h. 



620 j 1 23 TO 4622 OF HUMAN CFTR CDNA_: 6601 ■. ^670:^ 

1150 il60 1170 1180' 1190 1200 

ITGTTAGTC^ CCTTTCCAAC AACCTGAACA AATTTGATOA J5SE™SJ ISSSJIT 
AACAATCAGA GGAAAGGTTG TTGGACTTGT TTAAACTACT TCCTGAACGT AACCGTGTAA 
LVSL LSN NLN KFDE GLA LiAH^ 

CYSTIC FIBROSIS TRANSMEMBRANE CONDOCTANCE RSGUIATOR; CODON > 

h ^HVBRID ElA-CFTR-ElB MESSAGE 

68Qi 123 TO 4622 OF HUMAN CFTR CDNA ^72 Ol ^73 0> 

1210 1220 1230 1240 1250 1260 

TCGTGTGGAT CGCTCCTTTG CAAGTGGCAC TCCTCATGGG GCTAATCTGG GAGTTGTTAC 
SSSSI SSSSic GTTCACCGTG AGGAGTACCC CGATTAGACC CTCAACAAJG 
FVWI APL QVA LL MG LIW £,LL> 

^CYSTIC FIBROSIS TRANSMEMBRANE CONDOCTANCE REGULATOR; CODON > 

h HYBRID ELA-CFTR-EIB MESSAGE 

7 4 On 123 TO 4 522 OF HUMAN CFTR CDN?, ^7801 7 90> 



1270 1280 1290 1300 1310 1320 

.AC-GCGTCTGC CTTCTGTGG^. CrTGGTTTCC TGATAGTCCT TGCCCTTTTT CAGGCTC-3C-C 
TCCGCAGACG G^vAGACACCT G^CCAAAGG ACTATCAGGA ACGGOAAJ^. GTCC^-.C^._G 
0;lSA - CG LGF LIVL ALr Q«G> 

^CVSTIC FIBROSIS TRAKSME>GRA1<:E CONDUCTAWCZ P3G-J1ATOR; CODOIv > 

h HYBRID EaA.-CFTR-ElB MESSAG::. ] b > 

BOOi 123 TO 4 622 OF KUKAN CFTR CDJ^^A 840i e50> 

1330 1340 1350 1360 1370 1380 

TAGGd^GAJ^T GATG-.TGAAG TACAGAG^.TC AGAGAGCTGG GA^a^^.TCA-GT GAA-AC-.C^G 
ATCCCTCTTA CTACTACT-TC ATGTCTCTAG TCTCTCGA.CC CTTCTAGTCA CTTTCTG.-_AC 
LGP. M MKK VRD QRAG KIS i^RL.> 

CYSTIC FIBROSIS TR^JMSl-£EMBRAl>Ir; CONTXJCT^Jn^CE REGUL.ATOR; CODDK- > 

• h ' HYBRID ElA-CrTR-ElB MESSAGE h > 

BSOi 12 3 TO 4 622 OF HUMAN CFTR CDIV. 900 i 9i0> 

1390 1400 1410 1420 1430 144C 
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TGATTACCTC M^MTCXTT CMXCf^TCC A;.TCTCTTAA GGCATACTg ISS^S^S 
ACTAXTCGAG TCrTTACTAA CTTTrGTAGG TTAGACAATT CCCTTATCyiCG AOCCTTCTlXr 
V I TS EHZ ENI OSVK A. V C WEE> 

_CySTlC FIBROSIS TRANSME54BRANE CONEOCTANCE REGUIATOR; CODON > 

h K^BRXD EIA-CTTR-EIB HESSAGE _-__> 

920S ^123 TO 4622 OF HUMAN CFTR CDMft ^960a__ ^970> 

.1450 1460 1470 1480 1490 1500 

CAATCGAAAA AATCATTCAA AACTTAAGAC ^^^^^ GAAj^gTGACT gGJAGGCAG 
(rrTACCTTTr.TrAdCAACTT TTGAAITCTG TTTGTCTTGA CITTGACTGA GCCITCCGTC 
AMEK MIE HI.K QTEL KI*T K K 

g yfiTTf? FIBROSIS TRANSMEMBRANE CCNTOCTANCE RBC5UIAT0R; COIX3N > 

h JKBRID EIA-CFTR-EIB MESSAGE ; n ^> 

QftQ j 1 23 TO 4622 OF HUMAN CFTR CDNA 1020a :1030> 



1510 1520 1530 1540 1550 1560 

CCTAT^mSAG ATACTTCAAT AGCTCAGCCT TCTTCTTCTC AGGGTTOTT GTGGT^^ 
GGAtACACTC TATGAAGTTA TCGAGTCGGA AGAAGAAGAG TCCCAAGAAA CACCACAAAA 
A YVR YFN SSA FFFS O FF VVr> 

cygriC FIBROSIS TRANSMEMBRANE CONDOCTANCE RBGOIATOR; CXJEON > 

h HXBRID ELA-CFTR-EIB MESSAGE. fl ■. ^> 

1 040 S 13 3 TO 4622 OF HUMAN CTTR OJMA 1080a. ^1090> 



1570 1580 1590 1600 1610 1620 

TATCTGTGCT TCCCTATGCA CTAATCAAAG GAATCATCCT CCGGAAAATA TTCACCACCA 
ATAGACaSa AG^TACGT GATTAGTrTC CTTAGTAGGA GGCCTTTTAT AAGTGGTGGT 
L S VL PYA LIK GIIL RKI FTT> 

^CYSTIC FIBROSIS TRANSMEMBRANE CCX3DUCTANCE REGULATOR; COJXSN : 

h ^HYBRID ElA-CFTR-ElB MESSAGE 



llOOi 123 TO 4622 OF KUMftN CFTR OaaA 114 Oi .115 0> 

1630 1640 1650 1660 1670 1680 

TCTCATTCTG CATTGTTCrG CGCATGGCGG TCACTCGGCA A.TTTCCCTGG GCTGTACAAA 
AGAGTAAGAC GTAACAAGAC GCGTACCGCC AGTGAGCCGT TAA.»vGGGACC CGACATGTTT 
ISFC IVL RMA VTRO FPW AVQ> 
CYSTIC FIBROSIS TRAhJSHHMBRANT C01>JDUCTANCE REGULATOR; CODOW > 



h HYBRID EIA-CFTR-EIB HESSAGE 



lieOi 123 TO 4622 Or KLR-y^N CFTR CDl-lA 1200i 1210> 

i690 1700 1710 1720 1730 1740 

Z.-T~-~'^r'^Q^ CTC~'~'^&Z.- GZ.- -"".----^C-. .-----.T.-.C^ j3A TTTCTTACnA AAGCA.=iG.-_-.T 
GTACC^.TACT GAGAGAACCT CGTTATTTGT rTTATGTCCT AAAGAATGTT TTCG7-rCT..A 
T W Y D S L G A 1 Iv i; I Q D F L Q K Q ^> 

Cr'STIC FIBROSIS THAJ\^SJ<EH5RAi'S CONDUCTAJ'JCE HZGULATOR; COEON > 

h :-ri3RZD E2>.-CrT?.-E13 HESSAGE h > 

1220i 123 TO 4 622 OF KLH-'^n^ CFTR CEC-JA 1260i 12.-^ C, 

1750 1760 1770 1780 1790 1800 

iT-jLG:iCi^TT GOA^TAT'P^.^.C TT;^_^^.CaHCTA C^.C^^.CThGT GATGGAa--^.T GTAA.C^^GCCT 
TATTCTGTi^J^. CCTTATATTG ?^J^.TTGCTG.\T GTCTTCA.TCA CTACCTCTTA CA.TTGTCC-d-. 
^ K T L E y N L T T T E V V K E V T 

'_ CYSTIC FIBROSIS TRA3>?SMZH5P^A^ COND'JCTA'J^CE RSGUl^ATOR; CODOK > 

h HVBPJCD E3>.-CFTR-£13 KESSAGE 



_1280i 123 TO 4 622 Or HUK-Jv CFTR CV^. 1320i. 

1810 1820 lc30 18^0 1850 
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TCTCGGAGGA GGGATTTGGG GTAmTTI^ AGAAAGC XAA i:?^:^^^^^ iJ^S^ 
AGACCCTCCT CCCTWACCC CTTAATAWVC TCITTCGTIT ^TOTTTCrnTA TOTTATCTT 

h H YBRID EJA-CFTR-EIB ^^fSAGE ,^ —-^ 

1 ^40 j 12 a TO 4622 or HOMftN CFTR CDtW ^13800 1390s^ 

1870 1880 1890 1900 ' 1910 1920 

AXACTTXTTAA rGGTGKTG^C AGCCICTTCT TCJCTAXTT^ CTggJJgJ ^^gSSS 
TTTGAAGATT ACCACTACTG . TCGGAGWkGA AGTCAtTTAAA GAGTGAAGAA CCATGAG^C 

• CVSTIC FIBROSIS TRANSMEMBRANE CXaNTOCTANCE RBGOIATOR; CODOt? > 

_h HYBRID EIA-CFTR-EIB MESSAGE TTT^ T7^7^ 

l ^QO i 1. 23 TO 4622 OF HUMAN CFTR CENA 1440a 1450:^ 

.1930 1940 1950 I960 1970 - 1980 

TCCTGAAAGA TATTAATTIK: AAGATAGAaI SSSSSSI SSSSS SJ^SSS 
AGGACTTTCT ATAATTAAAG TTCTATCTTT CTCCTGTCAA CAACCGCCAA CGACCTAGGT 
VXKD I NF KIE RGQL I.AV AGS> 

CYSTIC FIBROSIS TRANSMEMBRANE CONEOCTANCE RBGOLATORj CODON ^> 

K HYBRTP ElA-CFTR-ElB MESSAGE : 1« >■ 

1460i ^123 TO 4622 OF HUMAN CFTR CCNA ISOOl ■ ^ISlOs^ 



1990 2000 2010 2020 2030 2040 

CTGGAGCAGG CAAGACTTCA CTTCTAATGA TGATTATGGG AGAACTGGAG CCTTCAGAGG 
GACCTCSCC G1TCTGAA6T GAAGATTACT ACTAATACCC TCTTGACCTC GGAAGTCTCC 
TGAG KTS LLM MIMG i,LE P.SE> 

eySTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE RSGUIATOR; CODON > 

" v HYBRID ELA-CFTR-EIB MESSAGE P >■ 

152Q i 123 TO 4622 OF KUMftN CFTR CmA 1560i 1570> 

2050 2060 2070 2080 2090 2100 

GTAAA^TTAA GOCAGTGGA AGXATTTCAT TCTGTTCTC!^ GTTTTCCTGG ATTATGCCTG 
S^S?? ?S?ScIcCT TCTTAAAGTA AGACAAa*vGT CAAAAGGACC T.^^TACGGAC 
HSG RIS FCSQ FSW IMP> 

^ CYSTIC -IBROSIS TRANSHI>SBR;^J^^ COJTOUCTAJJCE REGULATOR; CODON > 

Vj HV3P-XD EIA-CFTP.-EIB hJESSAGE >^ > 



ISSo'i 123' TO 4622 OF HUl-iy^ CFTR CIX^. 1620i i630> 

2ii0 2120 2110 2140 2150 216C 

GCACC^.TTAi. AG;^--A^.TATC ATCTTTGGTG rrrCCTATGA TGAATATAGA TAC.-.GAAGCG 
CGTGGTAATT TCTTTTATAG TAGAAACCAC A-AGGATACT ACTTATATCT A i « j CTTCv.-s. 
G - T K ^ N I I F G V S V D_ E V V R S> 

C^S-IC -I3ROSIS TKANShOERAl>^ COIvD'JCTAlCZ^ F-^Oi^-..OR; CODDN > 

V, xj^zfT-T) £1A-CFT?.-E13 l-SSSAGE n > 

164 0"i" 123 TO 4622 OF HUMAIC CFTP. CD2>iA 1680i 1690> 



2170 2180 21S0 2200 2210 2220 

-C;^-C:.--AGC ATGCCA^CTA a^-^GAGa^C^ TCTCCAAGTT TGC^G^.G^^^ a-O^^.TATAG 
AGTAC^GG TAGGG-rrCAT GTTCTCCTGT AGAG-GTrC^^ AGGTGTCTTT GTGTTATA : ^ 
V 1 "k A COL £ E D I S K F A E K D N I> 

C-STIC FIBROSIS TRAA^S^^^K^J^ CON-D'JCTAJs^CE KEGUI.ATOR; COZXOl^ > 

h_ HYBRJX) EIA-CFTR-EIB MZSSAG- ^ 



1-7001 



^23 TO 4 622 OF HU>l.A>v CFTR CT:K<i^. 17 4 01 17 5: 
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2230 2240 2250 2260 2270 2280 

rrCTTOGXGA AGCTGGAATC ACACTGACTG GACGTCAACC A^^^^tS^:!! TSTTTi^Ef^ 
AACyACCTCT tSaCCTTAO TCTCACTCAC CTCCAGTTGC TCCrrCTTAA A9AAATCGTT 
VLGE GGl TtS GCQR A.R* SI*A> 

CYSTIC FIBROSIS TRANSMEMBRANE CaTOOCTANCE REXSOIATOR; CODOM ^> 

V> H YBRID EIA-CFTR-EIB MEiSSAGE T^T^ TSTT:'' 

176q " 1 23 TO 4622 OF HUMMJ CFTR CDNA 1.800a_ ^1810> 

2290 2300 2310 2320 2330 2340 

GAGCAGTATA OAAGATCGT GATTTGTATT TATTAGACTC TCCTTTT^ TAOTAGATG 
CTCGTCATAT dTTTCTACGA CTAAACATAA ATAATCTGAG AGGAAAACCT ATGGATCTAC 
RAVY KDA DLY LLDS PFG y i,E» 

CYSTIC FIBROSIS TRANSMEMBRANE CONEOCTANCE REGOTATOR; CODOM ^> 

- h__ - HYBRID EIA-CTTR-EIB MESSAGE , n > 

l B20 i 12 3 TO 4622 OF HUMAN CFTR CEMA 18601 1870> 

''2350 2360 2370 2380 23$0 2400 

TITTAACAG^ AAAAGAAATA TTTGAAAGCT GTGTCTGTAA JCTGATGGCT AAgAAACTA 
AAAATTGTCT rmCllT AT AAACTTTCGA CACAGACATT TGACTACCGA TTOTTTTGAT 
VLTE KEI FES CVC K LMA NKT> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDOCTANCE REGtJIATOR; CODC^J > 

h HYBRID EiA-CFTR-ElB M ESSA GE _j « ^> 

I SSOi ^123 TO 4622 OF HUMAN CFTR CDNA ^19201 193 0> 



2410 2420 2430 2440 2450 .. 2460 

GGATTTTOGT CACTTCTAAA ATCGAACATT TAAAGAAAGC ^GACAAAATA ^^J^g 
CCTAAAACCA GTGAAGATTT TACCTTGTAA ATTTCnTCG ACTGTTTTAT AATTAAAACG 
RI LV TSK MEH LKKA DKI LIL.> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDDCTANCE REGDIATOR; CODON > 

>j HYBRID ■c"lA-CrrR-ElB MESSAGE ti > 

1940 i 123 TO 4622 OF KtJMAN CFTR CDJQA 1980i 1990> 

2470 2480 2490 2500 2510 2520 

ATGAAGGTAG C^iGCTA^rrrT TATGGGACAT TTTCAGAACT CCAAAATCTA CAGCCAGACT 
TACTTCCATC GTCGATAAAA ATACCCTGTA AAAGTCTTGA GGTTTT«aAT GTCGGTCT«« 
HT^-GS S^-^ YGT FSEL QNL QPE» 

CYSTTC FT3»X>sis TR^^O SHZ>SH.yvE COiroUCTANCE REGULATOR: CODON > 

" ' " --YBRID ElA-CFTR-ElB MESSAGE b > 

200Qi" 123 TO 4c22 Or HUMW>! CFTR CU'V-. 2040i 2050> 



2530 -2540 2~50 2560 2570 25£G 

TTAGCTCAAA ACTC--TGGGA TGTas.TTCTT TCGACCAA.TT TAGTGCAG^-i^ AG.^AGAAATT 
A;:.TCGAGTrT TGAGTACCCT ACACTAAG^A AGCTGGTTA^. ATC^.CGTCTT TCTTCTTT^.^. 
-SSK LMG CDS TDO? SA^ KHK> 

CYSTIC FIBROSIS TR>-K^SHr>SRiA— Cr.Z>-JCTAl>3CE REXTOIATOR; COEO!v > 

h ~ ' " hybrid EU-.-CrTR-ElB l-SZSSAGE > 

2060i 123 TO 4522 OF CFTR CUV^. 2100i 2ilC> 



2590 2600 2610 2620 2630 2&<C 

CA^^TCCTAAC Ta^lGACCTTA CACCGTTTCT- Cf-.TTAG-^u^GG AGAT&rTCCT GTCTCCTGGA 
G7TAGGATTG ACTCTGGA^^.T GTGGC^J^AGA GT/.ATCTTCC TCTACGAGa-. CAGAGG-^CC . 
SI-LT ETL KR- SLEG DAP VSVv> 

CYSTIC FIBROSIS TR>-K'SKE><3-VJ^ CONDUCT A1>3CE REGULATOR; CODON 

_HYBKID EIA.-CFTR-EIB t-lESSAGr 



2l20i 123 TO 4 622 OF KUI-IAN CFTR CU-i.-. 2160i. 
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iiSiS^IS 'TT^ 

5^J;;;2^3 TO 4«J w ^^^^ 2160 



GTcrrrcr^ 



2770 2780 * rjvGAAGGCTG TCCTTAGTAC 

^Fr^^ Tt^^ 



2730 ^ • « 

nv-..i.C TCTATACGXA AAITTT^T jGTOCg^^ TGAGGGAA.TG 
"'^"'ISIS^ Sl«5Crr TTAAAAOSTA ACACGTri^ ^ 

■ 2800 2810 2820 



?»■ 

.2350>- 



2870 2880 




' ..^^CCTGXT GACACACTCA GTT^^5 
COCTCAOCC ACOAAOaAg gCT-g- J^^S^X CTCTCTCA- C^.^-JJ^ 

••-^'STXC F1B?.CS^S MESSAGE . -■ . ..f, " ^TTo> 

V, HYBRID -^•-'-li-.rC.H^ ^T-r?. CD^U•. 24601 

— ■ r;:- — 2 to ifc-^ c- 

^24201 — 550 3000 

ocn 29-0 2980 

2, CO ^r-T'-r-iCTG GCCCCTC^-C-C- 
^c^CCG.>^G ACAACAOC.T CCACAC^ ^S^cTGAC CC-GGa^-C^CC 

:rr^^ 123 TO 4622 O. ..u. 

, T^x^CTGa.T ATAT^TIg^ ^^T^^^G AGrrCTTTa^ CCO-.^-C.^- - 
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.123 TO 4622 OF HUMAN CFTR CPNft___2580i. 



_2590: 



3070 



3080 



3090 



3100 



3110 



3120 



TAAGTOAACyi AATTAACGAA GAAGACTTAA AGGAGTGCCT T^TOAT^^ AT^AGAGCA 
ATTCACTTCT TTAATOCTT CTTCTGAATT TCCTCACGGA AAAACTACTA TACCTCTCCT 
ISEE INE EPL KECL FDD ME S> 

^CYSTIC FIBROSIS TRANSMEMBRANE CONDCJCXANCE REGUIATORj CODOti^ > 

h KVBRID EIA-CFXR-EIB MESSAGE J» > 



.26001. 



"l23 TO 4622 OF HUMAN CFTR CDNA ^26«0i. 



3130 



3140 



3150 



3160 



317:0 



.2650*. 
3180 



TACCAGCAGT GACTACATCG AACACATACC TTCGATATAT TACTGTCCAC AAGAGCTTAA 
ATGGTCGTCA CW5ATGTACC TTGTGTATGG AAGCTATATA ATGACAGGTG TTCTCGAATT 
IPAV TTW NTY LRVI TVH KS£i> 

• C YSTIg FIBROSIS TRANSMEMBRANE CONDUCTANCE REGOIATOR; CODON _? 

_h HVBRID EIA-CFTR-EIB M ESSA GE 



>.2660 i 12 3 TO 4622 OF HUMAN CFTR CDMA 270.0i. : ^2710s- 



3190 



3200 



3210 



3220 



3230 



3240 



TmTGTGCT AATrrGGTGC TTAGTAATTr- TTCTGGCAGA GGTGGCTGCT TGmXSGTTG 
AAAAACACGA TTAAACCACG AATCATTAAA AAGACCGTCT CCACCQACGA AGAAACCAAC 
IF-VL IWC LVl rLA E VAA SLVs^ 

CTSTIC FIBROSIS TRANSMEMBRANE c;;:!DUCTANCE REGOIATOR; CODON ? 

h ^HYBRID ELA-CFTR-EIB KSSSAGE ^ h_ 



_2720i. 



i J— ^^^^^ w • • • m^^^- » ■ I — 

Il23 TO 4622 OF HOKftN CFTR CEN^ ^2760i. 



.277 0> 



3250 



3260 



3270 



3280 



3290 



3300 



TGCTYrnMTT CCTTGGAAAC ACTCCTCTTC AAGACAAAGG GAATAGTACT CATAGTAG^ 
ACGACAcSa GGiACCTTTG TGAGGAGAAG TTCTGTTTCC CTTATCATGA GTATO^.TCTT 
VL WL LGN TPL QDKG NST KSK> 

^CYSTIC FIBROSIS TRANSJShBKWffi CONDUCTANCE REGULATOR; CODON > 

h ' HYBRID ElA-CFTR-ElB MESSAGE ! > 



2780i. 



"l23 TO 4622 Or KUhSAN CFTR CEKA 2S20i. 



2830> 



3310 



3320 



3330 



3340 



3350 



^360 



ATAACAGCTA TGCAGTGATT ATCACCAGCA CCAGTTCGTA TTATGTGTTT TACATTTACG 
TATTGTCGAT ACGTCACTAA TAGTGGTCGT GGTCAAGCAT AATACACAAA ATGTAAATGC 
WNSY AVI ITS TSSY YVF YIV> 

CYSTIC FIBROSIS TRAJKSHFHBRAhJE COiroUCTANCE RSGUl-XTOR; CODOK : 

fBRZD ElA-CFTR-ElB HSSS^.GF 



_26<0i_ 



'l23 TO <;o22 or HU2-1-J>3 CFTR CDI^iA. 2oB0i. 



'0> 



3570 



>380 



3390 



3400 



3410 



3420 



TGOa^GTAGC CG;^.G;:.CTrrG cttgctatgg g^.ttcttcag aggtctacca ctggtgc^ata 
..-.Cv-vTro^.TCG GCTGTG>J^-^c a^-ACHATACC ct;^agaagtc tco.g;^.tggt c^ccacgtat 

VGVA DTL LAH GFFR GLP LVH> 

C^ST'^C ^I^^^^S^S 'T^j>jo-fT%^Tyij,j£ CONDUCTANCE REGUI*^TOR; CODDN > 



2900i 



HYBRID ElA-CFTR-ElB MZSSAGE 
12 3 TO 4 622 OF KOyJ-^ CFTR CDl>iA 294 01. 



2950> 



3430 



3440 



>450 



3460 



3470 



348G 



TTAC^.CC ACA;^A^i'.TGTT AC^.TTCTGTT 



CTCTAATCAC AGTGTCGAAA A' 

GAGA7TAGTG TCACAGCTTT TAA^-^TGTGG TGTTTTACJ^A TGTA^.GACAA ai--^.GTTCGT 

TLIT VSK ILH HKML H S V I. Q 

CYSTIC FIBROSIS TR^^Jn'S^^-IBR^^ATE COI'JDUCTAJnJCE RBGui^i^TOR; CODO>v 
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_HYBRID ElA-CFTR-EiB MESSAGE 



2960a 123 TO 4622 OF HOWAN CFTR CEMA ^OOOi ^ — ;_30105 

3<90 3500- 3510 3520 3530 3S40 

CTATCTCAAC CCTCAACACG TTGAAAGCAG CTGGGATTCT TAATAGATTC TCCAAAGXTA 
GATACACHTG GGAGTTGTGC JtflCTTTCGTC :CACX:CTAAGA ATTATCTAAG ApGTTTCXAT 
PMS T LNT LKA GGIL NRF SKD> 

CYSTIC FIBROSIS TW^SMEMBRANE. CONlXX^rANCE REGUIATOR; COpON 

. h HYBRID EIK-CFTR-EIB MESSAdE __>> _ ^> 

502Qi ^25 TO 4622 OF HUMAN CFTR CDMA 3060a. ^3070^ 



3550 3 560 3570 • 3580 3590 3600 

TAGCAATTTT GGATGACCTT CTGCCTCTTA CCATATTTGA CTTCATCCAG TTGTTATrAA 
ATCGTTAAAA CCTACTCGAA 6ACGGAGAAT GGTATAAACT GAAGTAGGTC AACAATAATT 
I A IL DDI* LPL TI FD FlQ I.LL> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDOCTANCE REGOIATOR; COtX3N .> 

h ■ H YBRID EIA-CFTR-EIB MESSAGE ^ >■ 

a OBOi 123 TO 4622 OF HUMAN CFTR CDMA ^31201 313 0> 



3610 3 620 3630 3640 3650 3 6 60 

TTCTGATTGG AGCTATAGCA (GTTGTCGCAG TTTTACAACC CTACATCTTT GTTGCAACAG 
AACACTAACC TCGATATCGT CAACAGCGTC AAAATGTTGG -GATGTAGAAA CAACGTTGTC 
IVIG AIA .V VA VLQP .VIF VAT> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDOCTANCE REGOLATOR; CODON ^5 

Ja .HYBRID ElA-CFTR-ElB MESSA GE *^ 



^3140iIIIZZl23 TO 4622 OF HUMAN CFTR CDMA ^3180l 1 ^3190> 

•3670 3680 3690 3700 3710 3720 

TGCCAGTGAT AGTGGCTTTT ATTATGTTGA GAGCATATTT CCTCCAAACC TCACAGCAAC 
ACGGTCACTA TCACCGAAAA TAATACAACT CTCGTATAAA GGAGGTTTGG AGTGTCGTTG 
VPVI VAF IML RAYF LQT SQQ> 

^CYSTIC FIBROSIS TRANSMEMBRANE CONDOCTANCE REGULATOR; CODON > 

h HYBRID EIA-CFTR-EIB MESSAGE ——r' 

32001 123 TO 4622 OF HUMAN CFTR CENA 32402. 3250> 



3730 3740 3750 3760 3770 3780 

TCAAACAACT GOAJ^.TCTGAA GGCAGGAGTC CAATTTTCAC TCATCTTGTT ACAAGCTTAA 
AG1TTGTTGA CCTTAGACTT CCGTCCTCAG GTTAAAAGTG AGTAGAACAA TCTTCa^J^.TT 
LKQL ESE GRS PIFT HLV TSI^ 

T^STZC FIBROSIS TRAKShG>SRA}v-£ COlvTOCTAl^CE F^GOLATOR; CeDC-: > 

h_ .HYBRID EIA-CFTR-EIB Y^SS^GZ h > 



2260i 123 TO 4 622 OF 'nUyJ^Ji^ CFTR CDW. 3500i 3310> 

3790 3800 3810 3620 3830 3840 

AAGGACTATG aACACTTCGT GCCTTCGG.^C GSCAGCCTTA CTTTGAAACT CTGTTCC^.C.A 
TTCCTGATAC CTGTGAAGCA CGGAAGCCTG CCGTCGGAAT GAAACTTTGA GACA-^C-GTGT 
K G L W T L R A F G R Q P V F T L r H> 

CYSTIC FIBROSIS rK^J<S)<E^RP^<iZ COITO'JCTAI'^CE REGULATOR; CODON* > 

h " HYBRID E1>.-CFTR-E13 MESSAGE h > 

3320i 123 TO 4622 OF HUl-l^JO CFTR CDNA. 3360i 337 0> 

3850 3860 3870 3680 3890 3900 

A^GCTCTGAA TTTACATACT GCCAACTGGT TCTTGTACCT CTCA^CACTG CGCTC-GTTCC 
TTCGAGACTT A.2^.TGTATGA CGGTTa^^CC;^- AC^AC^^.TC-GA CAGTTGTGAC GCa^-.C^-^AC-G 
K A L L H T A N Vs' T L V L STL R V; r > 
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.CYSTIC FIBROSIS-TRANSKQIBRANE CONDUCTANCE RBGUIATOR; CODO^ 



_> 



h • H VBRTD EIA-CFTE-EIB MESSAGE r-rr*? r-=— ^ 

^3380i 123 TO 4622 OF HUMAN CFTR CENA 34201 ^3430> 

3910 3920 .3930 3940 3950 3960 

AAATGAGAAT AGAAATGATT TTTGTCATCT TCTTCATICC "rCTTa^TTC KrrTtXKm 
TTTACTCTTA TCTTTACTAA AAACAGTAGA AC3AAGTAACG ACAATCGAAG TAAAGGTAAX 
QMRI EMI FVI FFIA VTF ISI> 

^CYSTIC FIBROSIS TRANSMEJfflRANE CCKDQCTANCE BEGOIATOR; CODON ^> 

h . H ySRID EIA-CFTR-EIB MESSAGE A > 

3440i ^123 TO 4622 OF HUMAN CFTR CDNA^__3480i 3490> 

3970 3980 3990 4000 4010 4020 

■ « - 

TAACAACAGG AGAAGGAGAA GGAAGAGTTG GTATTATCCT GACTTTAGCC ATGAATATCA 
ATTGTTGtCC TCITCCTCTT CCTTCTCAAC CATAATAGGA CTGAAATCGG TACTTATAGT 
L T^G EGE GRV GIIL TLAHKI> 

^CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGDIATOR; CODON ^> 

^ ^HYBRID EIA-CFTR-EIB MESSAGE h > 

^35001 ^123 TO 4622 OF HOKAN CFTR CENA_— 3540i ; — 3550> 

4030 4040 4050 4060 4070 4080 

TGAGTACATT GCAGTGGGCT GTAAACTCCA GCATAGATGT GGATAGCTTG * ATGCGATCTG 
ACTCATGTAA CGTCACCCGA CATTTGAGGT CGTATCTACA CCTATCGAAC TACGCTAGAC 
MSTL QWA VNS SIDV DSL MRS> 

__CYSTIC FIBROSIS TRANSMEMBRANE CCXTOOCTANCE REGOIATOR; COpON > 

)^ ^HYBRID ElA-CFTR-ElB MESSAGE Jl 1 > 

35601.; 123 TO 4622 OF HUMAN CFTR CENA ^36001 ^3610> 

4090 4100 4110 4120 4130 4140 



> 



TGAGCCGAGT CTITAAGTTC ATTGACATGC CAACAGAAGG TAAACCTACC AAGTCAACCA 
ACTCGGCTCA GAAATTCAAG TAACTGTACG GTTGTCTTCC ATTTGGATGG TTCAGTTGGT 
VSRV FKF IDM PTEG KPT KST> 
CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON_ 

h HYBPvID ELA-CFTR-£1B MESSAGE ; > 

36201 123 TO 4622 OF HUMAN CFTR CDMA 36601 3670> 

4150 4160 4170 4180 4190 4200 

aaccataca;^. gap^.tggccaa ctctcgaa^.g ttatgattat tgagaattca cacgtgaagp. 

TTGGTATGTT CTTACCGGTT GAGAGCTTTC AATACTAATA ACTCTTAAGT GTGCACTTCT 
K?VK KGO LSk VMII ENS HVK> 

CYSTIC riBROSIS TRANSKH>SRA_KS C0NDUCT;5>-N CE REGULATOR; CODDN > 

h HYBRID ED^.-CFTR-SIB KESSAGE h > 

3680i 123 TO 4622 OT HUMAN CFTR CIX^IA 37201 373C> 

4210 4220 4230 4240 4250 4250 

^^GATGAC^.T CTGG-GCCTC^. C-GGGGCG>^A Ta^.GTGTCAA AGATCTCAC^. GCAAAATACA 
TTCTACTGTA G;^.CCC-Ga^GT CCCCCGGTTT AGTGACi^GTT TCTAGAGTGT CGTTTTATG . 
KDDI WPS GGQHTVK DI.T AKY> 

CYSTIC FIBROSIS TR2ii\^SHHKDRAJ^7i: C ONTO CT AN CE ?:e:GUI>.^TOR ; CODON > 

h r?iB7<XD BIA-CFTR-EIB !<Z:SSAGE h > 

3740i 123 TO 4622 OF HU>-SPJ\^ CFTR CDMA 37801 37S0> 
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TEGG NAI L.EK ISFS X ,f ^S., ^ 

^CYSTIC FIBROSIS TRANSMEMBRAKE CCXmOCTANCE HBCTIATOK? 

Jb ^HYBRID EIA-CFTR-SIB MESSAGE A. 



J800i. 



.123 TO 4622 OF HUMAN CFTR CCNA ^3B40i 3850> 

4330 4340 4350 «60 ' 4370 4380 

TGGGCCTCTT GGGAAGAACT GGXTCAGGGA AGAGTACTTT GTTATCAGCT TTTTTCAGAC 
ACCCGGAGAA CCCTTOTGA CCTAGTCCCT TCTCATGAAA CAATAGTOSA AAAAACTCTG 
VGLL G RT GSG KSTL LS..A FLR> 

^CYSTIC FIBROSIS TRANShEMBRANE CONTOCTANCE REGULATOR; CX)DON___> 

h H YBRID EIA-CFTR-EIB MESSAGE b __> 

38601 123 TO 4622 OF HUMAN CFTR CDMA 39001 ^3910> 

4390 4400 4410 4420 4430 4440 

«■ 

TACTGAACAC TGAAGGAGAA ATCCAGATCG ATGGTGTGTC TTGGGATTCA ATAACTTTGC 
ATGACTTGTG ACTTCCTCTT TAGGTCTAGC TACCACACAG AACCCTAAGT - TATTGAAACG 
LL.NT E GE IQI D GVS WDS ITL> 

C YSTIC F:ffiROSIS TRANSMEMBRANE CONDOCTANCE REGUIATOR; CODON ^> 

HYBRID EIA-CFTR-EIB MESSAGE ]b_; ^> 

^39201 ^123 TO 4622 OF HUMAN CFTR CENA ^39601 ^3970> 

4450 4460 4470 4480 4490 4500 

AACAGTGGAG GAAAGCCTTT GGAGTGATAC CACAGAAAGT ATTTATTTTT TCTG GAA CAT 
TTGTCACCTC CTTTCGGAAA CCTCACTATG GTGTCTTTCA TAAATAAAAA AGACCITGTA 
QQWR KAF GVI PQKV FIF S:GT> 
C YSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODD^7 ^ 

h ■ H YBRID ELA-CFTR-EIB MESSAGE > 

39801 ^123 TO 4622 OF HUMAN CFTR CDNA 4Q2Q1 - 4Q^O^ 



4510 4520 4530 4540 4550 4560 

TTAGAAAAAA CTTGGATCCC TATGAACAGT GGAGTGATCA AGAAATATGG AAAGTTGCAG 
AATCTTTTTT GAACCTAGGG ATACTTGTCA CCTCACTAGT TCTTTATACC TTTCAACGTC 
FRKN LDP YEQ WSDQ EIW KV'A> 

CYSTIC FIBROSIS TRANSMEMBrlANE COhTDUCTANCE REGULATOR; CODON__> 

h HYBRID EIP^.-C— R-E13 MESSAGE h > 

40401 123 TO 4622 CF HUbl^ CrTR CDMA 40801 4090> 

4570 4580 4590 4600 4610 4620 

ATGAGGTTGG GCTC^vGATCT GTGA.TAG-.-.C AGTTTCCTGG GAAGCTTGAC TTTGTCCTTG 
TACTCCAACC CGAGTCTAGA CACTATCTTG TCA^^-AGGACC CTTCGAACTG A^^^^CAGC^^.C 
D E V G L R S V I Z Q r ? G K L D z V L.> 

CYSTIC FIBROSIS T?J^J^'SME>3RANE CONFDvJCTANCE REGULATOR; CODDN > 

h HYBRID EIA-CFTR-EIB \<ESS?^CZ h > 

4100i 123 TO 4622 Or HUMAN CrTR CDl^A 41401 4150> 

4630 4640 4650 4660 4670 , 46£: 

TGG-^.TGGGGG CTGTGTCCTA AGCC^-.TC-GCC AC-AGC-.GTT Gi^.TGTGCTTG G-CTAaATCTG 
ACCTACCCCC GACACAGG;^.T TCGGTACCCG TGTTCGTCAA CTACACGAAC CaATCTACAC 
VDGG CVL SHC- HKQL MCL ARS> 

CYSTIC FIBROSIS TR;^i\^Sh£EM5?^J^ C0NT>JCT;»JNCF REGUI-ATOR; CODON > 

h HYBRID £LA-C~R-£13 ^-^ZSSAGF h > 

4160i 123 TO 4622 OF HUl^l^^Jv CFTR CDr^^A 42001 42 1C> 

4690 4700 ^TIO <72C 4730 4741 

"TCTCAGT^A GGCG;^AG,-.TC TTGCTG'. r;'G ATv-^.A.\TGCAG TG-':rrZ--.rTrG a-.TCC--CT.A- 
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AAGAGTCATT CCGCTTCTAG AACGACGAAC TACTTGGGTC ACGAGTAAAC CTAGGTCATT 
VLSK AKI DEPS AHL DPV:». 

rv CTTr FIBROSIS TRANSMEKBRANE CONDOCTANCE REGULATOR? CXDDDN ^ 

h ^HYBRID EIA-CFTR-EIB MESSAGE h _^ 

^4220i 123 TO 4622 OF HUMAN CFTR CDNA__4260i...: 42705^ 



4750 4760 4770 4780 4790 4800 

CATACCAAAT AATTAGAAGA ACTCTAAAAC AAGCATTTGC TGATTGCACA GTAATTCTCT 
GTATGGTTTA TTAATCTTCT TGAGATTTTG TTCGTAAACG ACTAACGTGT CATTAAGAGA 
TYQI I .RR .T.LK QAFA DCT Vll^ 
__CySTIC FXBROSIS TRANSMEMBRANE CONIXXTTANCE REGULATOR; COD0N___> 

h KVBRID ElA-CFTR-ElB MESSAGE h ^ 

4 ^ROj ^123 TO 4622 OF HUMAN CFTR CDMA ^43201 .4330> 



4810 . 4820 4830 4840 4850 4860 

GTGAACACAG GATAGAAGCA ATGCTGGAAT GCCAACAATT TTTGGTCATA GAAGAGAACA 
CACTTGTGTC CTATCTTCGT TACGACCTTA CGGTTGTTAA AAACCAGTAT CTTCTCTTGT 
CEHR lEA MLE CQQF I*VI EEN> 
_CySTIC FIBROSIS TRANSMEMBRANE CX3NDUCTANCE RBGUIATOR? CODQN___> 

b H YBRID EIA-CFTR-EIB MESSAGE h ' > 

43401 ^123 TO 4622 OF HUMAN CFTR Crm__4380i ^43903^ 

4870 4880 4890 4900 4910 4920 

AAGTGCGGCA GTACGATTCC ATCCAGAAAC TGCTGAACGA GAGGAGCCTC TTCCGGCAAG 
TTCACGCCGT CATGCTAAGG TAGGTCTTTG ACGACTTGCT CTCCTCGGAG AAGGCCGTTC 
KVRQ YDS IQK LLNE RSL FRQ> 

__CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; COD0^7 ^> 

" ^HYBRID EIA-CFTR-EIB MESSAGE h ^> 

4400i 123 TO 4622 OF HUMAN CFTR CDMA 44401 44 50> 

4930 4940 4950 4960 4970 4980 

IT 

CCATCAGCCC CTCCGACAGG GTGAAGCTCT TTCCCCACCG GAACTCAAGC AAGTGCAAGT 
GGTAGTCGGG GAGGCTGTCC CACTTCGAGA AAGGGGTGGC CTTGAGTTCG TTCACGTTCA 
A ISP SDR VKL FPHR NSS KCK> 

CYSTIC r IBKCSIS TRANSMEMBRANE COhlDUCTANCE REGULATOR; CODON > 

h HYBPvID EIA-CFTR-EIB HZSSAGE h > 

44601 123 TO 4622 OF KUl-iAK CFTR CEKA 45001 4510> 

4990 5000 5010 5020 5030 5040 

CTPj^GCCCCA G-'^.TTGCTGCT CTG----r:AGAGG AGACAGAAGA AGAGGTGCAA GATACAAGOC 
GATTCGGGGT CT;^J^CGACGA. GACTTTCTCC TCTGTCTTCT TCTCCACGTT CTATGTTCCG 
SK?Q lAA LKE ETEE EVQ DT?o 

CYSTIC FIBROSIS THANSHE>3RANE CONDUCT AJsJCE REGUL^.TOR; COEON > 

_h KY3PJCD EIA.-CFTR-EIB MESSAGE h > 

4 5201 123 TO 4 622 OF HUJ-iJ^J^ CFTR CE^vIA 4 5601 457 C> 

5050 5060 5070 5080 5090 5100 



TTTAG.AG.AGC AGC.-.T.--A^.TG TTGACATGGG ACATTTGCTC ATGC^^.TTCG AGGTAGCGG.A 
A,^J^,TCTCTCG TCG7ATTTAC AACTGTACCC TGTAAACGAG TACCTTA.ACC TCCATCGCCT 
L •> 
> 

h rrr3Pj:D E1A-CFTR-E13 MESSAGE h ; 



_4 580i 123 TO 4 622 OF hra>-l^J>: CFTR CDX-- 4 5201. 
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SllO 5120 5130 5140 5150 S160 

TTGAGGTACT GAAATGTGTG GGCGTCGCTT AAGGCrrGGGA A^G^^TATAT AAGCTGTC^ 
AACTCCATGA CTrTACACAC CCGCACCGAA TTCCCACCCT TTCTTATATA TTCCACCCCC 

^HYBRID .EtA-CFTR-ElB MESSAGE __ — n > 

1 n r r "e IS, 3* UNTRANSLATED SEQUENCES — ^50 — r^r" 

~ k l o" • ■» ElB 3* lOTRON _k ^40 k 50 > 



5170 5180 5190 5200 5210 5220 

TCTCATGTAG TTTTOTATCT GTTTTGCAGC AGCCGCCGCC ATGAG^CA ACTCCTTraL 
AGAGTACATC AAAACATAGA CAAAACGTCG TCGGCGGCGG TACTCGCGGT TGAGCAAACT 

MSA M S F So 
i X PROTEXN (HEL___> 

h HYBRID EIA-CFTR-EIB MESSAGE . _h 

1 1_ IX MFttOV. 1. 



_70. 



_E1B 3* UNTRANSLATED SEQUENCES 110 — g ^120. 



60_i.ElB 3 ' INTRCS^ 80 ^> 

5230 5240 5250 5260 5270 5280 

TGGAAGCArr GTGAGCTCAT ATTTGACAAC GCGCATGCCC CCATGGGCCG GGCT^TOl 
ACCrrCGTAA CACTCGAGTA TAAACTGTTG CGCGTACGGG GGTACCCGGC CCCACGCACT 
GSI VSS YLTT RM P PWA GVRQ» 

IX PROTEIN (HEXON-ASSOCIATED PROTEIN) ; CODON_ST^=l 

h HYBRID ElA-CFTR-ElB MESSAGE — L f» > 

1 _1 ^IX MRNA__ 3 ^1 



_130. 



ElB 3' UNTRANSLATED SEQUENCES__170__jg i_180. 



5290 5300 5310 5320 5330 5340 

GAATGTGATG GGCTCCAGCA TTGATGGTCG CCCCCrTCCTG CCCGCAAACT CTACTACCTT 

otISSI? SSStSgt aactaccagc ggggcaggac gggcgtttga gatgatggaa 

NVM GSS IDGR PVL PAN S TTI^ 

IX r.ROTEIN (HEXQN-ASSOCIATED PROTEIN) ; CODON_START=l > 

n ^HYBRID ElA-CFTR-ElB MESSAGE ^> 

1 1 IX MRNA 1 1 : > 

glB~3 • UNTRANSLATED SEQUENCES 230 g 240 > 



_190_ 



5350 5360 5370 5380 5390 5400 

GACGTACGAG ACCGTGTCTG GA^CGCCGTT GGAGACTGC^ GCCTCCGCCG CCGCTTCAGC 
CTGGATGCTC TGGCACAGAC CTTGCGGC^A CCTCTGACGT CGGAGGCGGC GGCaS'AGTCG 

•pvr; TVS GT?I^ ETA ASA AAS A> 
'jr'y PRCTESv (HZXON-P^SDCIATZD PROTEIN) ; CODON_START=l > 

' ~ yrrsKiD Ei^.-crTH-EiB message h > 



^1 1 IX MRN^. 1 -1 > 

250 S E13 3' U1-ITHANSLA7ED SEQUENCES 290 g 300 > 

5410 5420 5430 5440 5450 5460 

•r 

CGCTGC^GCC ACCGCCCGCG GGATTGTGAC TCl^CTTTGCT TTCCTGAGCC CGCTTGC-.-.G 
GCG;^.CGTCC-G • TGGCGC-GCGC CCTAJ^CACTG ACTGAAAGGA AAGGACTCGG GCGAA.CGTTC 
AAA TAR GIVTDFATLS PLAS> 

Xx prcTEBnJ (KrxON-ASSOCIATED PROTErN) ; CODDN_START= 1.^ > 

j-j rTr^RID ElA.-CrTH-HlB MESSAGE h > 

\ _1 IX K?^<i\ 1 : > 

310 o ElB 3' blvrTRANSL.ATEO SEQUENCES 350 g 360 > 



5470 54S0 5490 5500 5510 5^zC 

CAGTG-C-AGCT 7X:CCG~CAT CCGCCCGCaA TG^.CAA.GTTG ACGCCTCTTT TGOCAC-.A~ 
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GTCACGTCGX AGGGCAAGTA GGCGGGCGCT ACTGTrCAAC TGCCGAGAAA JCCGTCTTAA 
SA> crS sard DKL TAX/ I- Af^i^ 

-_1X PRC^lS (5dCON-ASSc5ixTED PROTEIN) ; CODON_STAKr=3 ^ 

h H YBRID ElA-CFTR-ElB MESSAG E . > 

370_ _ o E 1b "3' UOTRANS^raP SEQOENCES ^4l0_-_g 420 > 

5530 5540 5550 . S560 5570 5580 

GGATTCrrTG ACCCGGGAAC rTAATGTCCT TTCTCAGCAG CTGTTGGATC JgCGCCAGCA 
CCTAAGAAAC TCGGCCCTTG AMTACAGCA AAGAGTCCTC GACAACCTAG AC<^GGTCGT 
DSL TRE LNVV S Q Q L L E:_-J^_.^ ^ 

IX PBOIEIK (HEXOM-ASSOCIATED PROTEIN) ; CODCftl_START-l . ^> 

h H YBRID EIA-CFTR-EIS MESSAGE : -ft ^ 

1 1__ ^IX MRNA. J ^ ^> 

V 4 3 0 "o E £i~3' UNTRANSLATED SEQUENCES ^470 g _480 ^> 

5590 5600 5610 5620 5630 

GGTrrCTGCC CTGAAGGCTT CCTCCCCTCC CAATGCGGTT TAAAACATAA ATAAA 
SaAAgSS GACnCCGAA GGAGGGGAGG GITACGCCAA ATTTTGTATT TATIT 
V <5 A t V A S S P P N A V •> 



V S A L K A S S - - _ 

IX PROTEIN (HEXON-ASSOCIATED PROTEIN) ; C ^ 

h H YBRID ElA-CFTR-ElB MESSAGE A. 

"l ^1 ^IX MRNA___^ ^1 : ^- 



± J. — 

490 g E lB 3 * UNTRANSLATED SEQUENCES 530. 



_> 
> 
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Nadeodde Sequence Analysis of Ad2-(DRF6/PGK-CFTR 



SJOCXJS 



AD2-ORF6/P 3€335 BP DS-im 



DEPINZTIOK - 

ACCESSION 

KEYWORDS 

sotmcfi 







From 


To/Span 




frag 




X2915 




36335 












35973 






> 


35973 


< 


35069 


(C> 


IVS 




35794 




35084 


(C) 






35794 




35175 


(C) 






35794 




35268 


(C) 










35295 


(C) 


•rvs 




35794 




35343 


(C> 


TVS 




35794 




35501 


(C) 


IVS 




35794 




35570 


(C) 


lYS 




35794 




3S766 


(C) 


frag 




35978 




36335 








36007 


< 


35978 


<C) 


rpt 




36234 




36335 








1291S 




35054 




pcpt 


< 


28478 




28790 


3 


pepr 




2S478 




28790 


1 


nRNA 




29331 


< 


12915 


(C) 


pre-*insg 


< 


12915 




16352 




pre -msg 


< 


12915 




20208 




pre^^msg 


< 


12915 




24682 




pre-iasg 




12915 




30462 




pre-XQSg 


< 


12915 




35037 





Z^Bcription 

10676 to 34096 of Ad2-E4/ORF6 
33178 to 34082 of Xd2 ee<3[ 

£4 jaRM\ [Nucleic Acids Res. 9^ 167S-1689 

(1981) IJ^ Mol. Biol. X49^ 189-221 

(1981) ]r (Nucleic Acids Res. 12^ 3S03-3S19 

(1984) 1 , [Unpublished (1984) J [Split] 

E4 BiBNA intron D7 (J. Virol. SO^ 106-117 

(1984)1/ [Nucleic Acids Res. 12, 3503-3519 

(1984) 1 . (Unpublished (1984) ] 

E4 mRNA intron D6 [Nucleic Acids Res. 12, 

3503-3519 (1984)1 

E4 inRNA intron D5 IJ. Virol. 50* 106-117 
(1984)1 

E4 niRNA intron D4 [J. Virol. 50* 
(1984)1 



106-117 
50, 106-117 
50, 106^117 
50, 106-117 
SO, 106-117 (1984)3 
9, 1675-1689 



E4 mRNA intron D3 ( JT . Virol. 
(1984)1 

E4 mRNA intron D2 [J. Virol - 
(1984)1 

E4 mRNA intron Dl (tJ. Virol. 
(1984)1 

E4 mRNA intron D [J- Virol. 
35580 to 35937 of Ad2 se^ 
E4 mRNA [Nucleic Acids Res 
(1981)1, [J- Mol. Biol- 149, 189-221 

(1981) 1, (Nucleic Acids Res. 12, 3503-3519 
(1984) 1 , [Unpublished (1984) 1 [Split J 

inverted terminal repetition; 99-54% [Biochem. 

Biophys* Res. Comroun. 87, 671-678 (1979)), [J. 

Mol. Biol. 128, 577-594 (1979)1 

1 to 32815 of Ad2 seQ [Split) 
33K protein (virion morphogenesis) 
33K protein (virion morphogenesis) ; 
codon^s tart=l 

E2b mRNA [J. Biol. Chem. 257, 13475-13491 

(1982) 1 [SpXitl 

major late mRNA LI (alt.) [J. Mol. Biol. 149, 
189-221 (1981)1, (J. Virol. 48, 127-134 (1983)] 
[Split 1 

major late mRNA L2 (alt.) [J. M^l - Biol. 149, 
189-221 (1981)1, [^- Virol. 38, 469-482 

48. 127-134 (1983)1 [Split] 
(alt.) (Nucleic Acids Res. 
Mol. Biol. 149, 189-221 
48, 127-134 (J-983)] [Split] 
(alt.) [J. Mol. Biol- 149, 
48, 127-134 (1983)] 



(1981)1, I J. Virol 
major late mRNA 1*3 
9, 1-17 (1981)), [J. 
(1981)1, [J. Virol^. 
major late mRNA L.4 
189-221 (1981)1, I J. Virol, 



[Split] 

major late mRNA LrS (alt.) [JT. Mol. Biol- 149, 
189-221 (1981)1, la. Virol. 48, 127-134 (1983)3 
[Split] 
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Niideofide Sequence Analysis (cent.) 
loHlGl < 129 IS 13278 



XVS 

IVS 
IVS 

XVS 

IVS 

???? 



pept 
pept 



< X2dX5 

< 12915 

< 129X5 

< X291S 

< 12915 

< 12915 

< 12915 

< 12915 

< 12915 



13279 
14547 



signal 

pept 

pept 

pept 
signal 

pept 

pept 

7777 

signal 

pre-msg 

pre-msg 

pre-rinsg 



16331 

16390 

18112 

18778 
20188 

20240 

21077 

< 12915 

24657 

28193 
28195 
29330 



X6388 

Xd754 

20238 
21040 

23888 

26333 
13005 
13005 

13262 



14526 
16304 



16336 

18105 

18708 

19887 
20193 

20992 

23983 

24631 

24662 

24659 

24659 

24659 



(C) 

(C) 



major late mRNA intrcn (precedes 52, SSK^toRNAr 
Vlt t^l inRlC^.) [Cell 16, 841-850 (X979) J , [Cell 
IT 851^ (S?9)l,tJ- Hoi, Bicl^l34. 143-158 
fl979>l tJ- Mol. Biol. 135, 413-433 
(1979) [Nature 292. 420-426 (1981)] tSplit] 
naSor lite intron (precedes penton inRNA; 

Sr^2 SSAflS. Virol. 48. 127-134 (1983)1 

^ir*^late mRNX intron (precedes pV inRNA; 2nd 
S'S^lirt^^iol. Chem. 2S9, 13980-13985 

iisoi^lat?i^ intron (precedes pVI »RNA; 1st 
S Sn^) tj^rol. 38, 469-482 (1981)1 ISplitl 
»aHor late inRl^A intron (precedes hexon 

13 jbRNA) [Proc. Natl. Acad. Sci. U.S.A. 75, 
SS2^85ni9i8)l,lCell 16. 841^850 (1979)3 

iSiJ^'iate idBNA intron (precedes 23K 3rd 
»RNA) [Nucleic Acids Ree. 9, 1-17 (1981)1 

ifjoi^'iate mRKA intron (precedes lOOK n^; let 

S^SmA) (Virology 128,^140-153 <i!">3 

VA I FNA (alt.) U. Biol. CJhem. 252, 9043-9046 

(1971) l,tJ, Biol. Chem- 252, ?047-90S4 
(X977))^ [Proc. Natl* Acad. Sci. U.S.A. 77, 
2424-2428 (1980)] (Split] ^ ^ . ^ ^ 
VA II RNA (Proc. Natl. Acad. Sci. U.S.A. 7/, 
3778-3782 (1980) ], (Proc. Natl* Acad. Scx- 
U.S-A. 77, 2424-2428 (1980)1 (Splltl 
S2,55K protein; codon^©tart=l 
' Ilia protein (peripentonal hexon-assocxated 
protein; splice sites not sequenced); 
codon_start=l ^ _ . . 

niajor late inRl^ Ll poly-A signal (putative) 

39.21* ^ 
L penton protein (virion con5>onent III) , 

codox\_start=l 
L Pro-VII protein (precursor to ma^or core 

protein) ; codon_6tart=l ^^..^.i-^i 
I pV protein (minor core prot^xn) ; codon_start=l 

roajor late inRNA L2 polyadenyation sxgnal 

(putative) 49.94% 
1 pVI protein (hexon-assooiated precursor) ; 

codon_start5=l ^ 
I hexon protein (virion component ID ; 

codon^startsl n 

23K protein {endopeptidase) ; codon^start^l 

Sor^late idRNA I.^ polyadenyation signal 
(putative); 62.38% 

E2a late laRNA (alt.) U- Mol. Bxol . 149, 
189-221 (1981)] . ^ 

E2a late inRNA (alt.) [Nuclexc Acxds Res. 12. 
3503-3519 (1984)1. (Uripublishea (1984)3 
E2^. eaxly mRKA (alt.) [J. Mol- Biol. 149. 
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Nucleotide Sequence Analyds (cont.) 
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pre-msg 


29331 




24659 


ei.gna.1 


24683 




24678 


p^ept 


26318 




24729 


JVS 


26953 




26328 


p^pt 


26347 




28764 


IVS 


29263 




27031 


IVS 


28124 




27211 


TVS 


28791 




28992 


pept 


28993 


> 


29366 


pept 


29454 




30137 




29848 




33103 


IVS 


30220 




30614 




30444 




30449 


signal < 


12915 




32676 


pept 


31051 
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signal 
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189-221 (1981)] 
(C) E2a early v^EOGi (alt.) (J. Hoi. Biol. 149 « 

189-221 (1981)] ^ 
(C) £2a mRK^ polyadenyation eigxial on conp steand 

(putative); 62-43% 
(Cl DBP protein (DMA binding or 72K protein) ; 

codon^ tart Bsl 
(C) intron B [Kucleic Acids ReB. 9^ 

4439-4457 (1981) J 
1 lOOK protein (Ixexon aesesibly) ; codon^star^sl 
(C) E2a early aRMA intron X {Cell 18, 569-580 

(1979)1 

(C) £2a late dRNA intron A [Virology 128, 140-153 

(1983) ] 

33K-pept intron IJ. Virol. 45, 251-263 (1983)] 
1 33K protoin (virion »orphogenesie) 
1 pVIIX protein (hexon-associated precursor) ; 

codon-atartssl 

£3-2 mRKA; 85.88% [Gene 22, 157-165 (1983)} 
major late inRNA intron ('x' leader) [Gene 22, 
157-165 (1983)], (J- Biol. Chem. 259, 
13980-13985 (1984)] 

major late ntHNA Ii4 polyadenyation signal; 
(putative) 78.48% 

inajor late inRNA intron ('y' leader) [J* Mol. 

Biol. 135, 413-433 (1979)], [J. Virol. 38, 

469-482 (1981)], (EMBO J. I, 249-254 

(1982)], [Gene 22, 157-165 (1983)] [Split] 
1 E3 19K protein (glycosylated meiobrane protein) 

codon— starts=l 
1 E3 11. 6K protein; codon^startsl 

E3-1 mRNA polyadenylation signal (putative); 

82.69% 

najor late mRNA intron ('z' leader) (Proc. 
Natl. Acad. Sci- U.S.A. 75, 5822-5826 

(1978)1, [Cell 16, 841-850 (1979) ] , [EMBO J. 1, 
249^254 (1982)]. [Gene 22, 157-165 (1983)] 
E3-2 mRNA polyadenyation signal; 65.82% 

(putative) 

fiber protein (virion component XV) ; 
codon_start=l [Split] 

major late mRNA L5 polyadenyation signal; 
(putative) 91.19% 

E4 mRNA iNueleic Acids Res. 9^ 1675-1689 
(1981)]. IJ. Mol. Biol. 149, 189-221 
(1981) ]. (Nucleic Acids Res. 12, 3503-3519 

(1984) ] , fUnpuGblifihed (19 84) ] [Split] 
1 to 12914 of pAd2/PGK-CPTR 
I to 357 Ad2 

inverted terminal •repetition? 0.28% (Bioeiiein. 
Biophye. Res. Comraan- 87, 671-678 (1979)]. [J- 
Mol. Biol, 128, 577-594 (1979)] 

inverted terminal repetition; 0.2&% [Biochem. 
Biophys- Res. Commun. 87, 671-678 (1979)], [J- 
Mol. Biol. 128, 577-594 (1979)1 [Split] 
linker segment 

polylinker cloning sites [Split] 
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Nudeodde Sequence Analysis (cont.) 
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> 


5453 



8Sd7 A 10000 C 



polylinker cloning sices [^lifc] 

3328 to 1068S of AcQ [Split] 

pglc proiDoter ^ 

polylinker cloning cites [Split] 

polylink«r cloniitf sites (Splitl 

cyn- BGH poly A 

linker [SplitJ 

linker (Split] 

920 to S461 of pCa4V-CPTR-93fiC 

nlstake in published sequence of Riordan et 
al. C not A is correct = N to H a. a. chemge 
936 T to C mutation to inactivate cryptic 
bacterial promoter. Silent amino acid change 
polylinker segenent from pGMV-CPTR-936C 
(Rc/CMV-Invitrogen Spel-BstXl) (Split] 
linker segment from pCMV-crrR-936C. Originally 
Sall/BstXI adaptor oligo 1 499P S 
linker eegemant from pCMV-CPTR-936C. 
Originally from pMT-CFTR construction oligo 
1247 RG -Sal I to Aval sites - 
123 to 4622 of SOISCFTR 

cystic fibrosis transmeaibrane conductance 
regulator; cedotpBtartg l 
97«6 G 79S2 TP 0 OTHER 



BASE COtJNT 

^^^-aB^6% I.enath- 36335 Sep 16, 1993 - 08:13 PM Checks 1664 

^^^'{LSSSj AATATACCarr A?TW4C^ GAAGCCAATA TGATAATGAa OGGGTOGAGT 

61 SSS^ SSSggocg TCGGAACGGG gcgggtgacg ^^aotgtg 

121 GATCTIOCAA GIOTGGOGGA ACACATCTAA GOSCCGGATO 

181 GTCTCCGCCG GTOTATACGG GAAGTSACAA TTTTOeOGCG ^TT^CG GATCT^AG 
241 TAAATMGGG CGTAACCAAG TAATCTOTGG CCAOTOTOGC OOGSAAJCTO ^MAAGM^ 
301 AGIXSAAAIX^T GAATAATTCT GIGTTACTCA ^GCOOGTAA J^^^ SSSSS^ 
AftrtTYTj-Aoeas TCTATCGATA AGCTTGATAT CGAATTCCGG GGTTOGGGTT GOGCtrrx-xut. 
if 1 S^SSS S^TTGC Sagggacgc GGCIGCTCTC GGCGTCGTTC CGGGAAAOGC 
Si SSSSSS SSSSS ?ScACATrc TTCACGTCCG tocgcagcgt cacccggatc 
til ??SSSa JcS?^ ccccccggcg *cgcttcctc gtccgcccct aagtc^ 

601 GC3TTCCTTCC GGTTCGCGGC GTGCOGGACG TGXCAAAC^ AAGCCGCACG TCTCACTAGT 
661 ACCCTCGCAG ACGGACAGCG CCAGQGAOCA ATGGCAGC^ SSSS^ SSSSS 
721 CSCCAATAGCG GCTGCTCAGC AGGGCGCGCC GAGAGCAGCG GCCGOGAAGG GGCGGTGOGG 

?li SSS^ SSSSSgt AG1G1.3GCCC ciGrrccrec c^cgoggtg Jtccgcattc 

841 TGCAAGCCTC CGGAGCGCAC GT^XKSCAGTC GGCTCCCTCG TTSACOGAAT CACCGACCTC 
SS?^^ S?SctIot ATTAAA-reGT ACGCCTAGTA TOTAAATCGT ACGCCTAOTA 
III ISSSSS CTGTgSoCA GATAIX^G TCGACOGTAC CCGAGAGACC ATCCAGAGGT 

• 1021 ^S^SSJ SSgcSgc gttotctcca AACTTmrrr cagctcgacc agaccaato 

loll ATACAGACAG CGCCTCGAAT 1GTCAGACAT ATACXrAAATC CCTTCTmG 

SJSgctga CAATC?A"IC- -aaaatigg aaagasaats ggmpagagag ctoocttcaa 
llol aSSSSS taaaScatt aatgcccttc ggcgatgttt tttctcgaga tttatgctct 

nil i^^^ ^5SirA GGGCA^ f^s^^S SSSSS 

1321 GAATCATAGC TTCCTA-TOAC CCOGATAACA AGCAGGAACG SS^Stc 
7-»ftn rtf'li'PAiSiSOTT ATOCCTTCTC TrTATTGTGA GOACACTGCT CCTACACCCA GCCATTTTTC 
llA JSSSaSS CAGAIGAGAA TAGCTATGTT TAGTTTGA<rr TATAAGAAGA 

Ittl SSJSS otSSccgt GTOCTAGATA AAATAAGTAT OGGACAACTO GTTAGTCTCC 

nil SSJ^ ?SSSaaa tti^a^^o Jac^^ SSSISS 

ifai ^^^^ cjssss sssss; sssssss 

llll ?S?SSS SSSSSg AGAGCIGOGA AGAnx:AGTCA-:^AGACTIGTG ATTACCTCAG 
Sox SiS^S SSScCAA ^-n^T^AAGG CATACTGCOG GGAAGAAGCA ATCGAAAAAA 
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Nucl.eofide Sequence Analysis iconL) 

18€1 TGATTCSAAAA CTT/iAGACAA ACAGAACTGA AACTOACTCG CA AQGCAQCC TATCTGAGAT 
1921 ACTTCAATAC CTCAGCCTTC TTCTTCTCAG GOTTCTTTOT OGICTTTTTA rrCTGTGCTTC 
1981 CCTATGCACT AATCAAAOOA ATCATCCTCC OGAAAATAOT CACCACCATC ^MTCTGCA 
2041 OTOTT C TOCG CATOGCOGTC ACTOGGCAAT TTCCCTOtSGC TOTACAAACA IRRSTATOACT 
2101 CTCOTOGAGC AATAAACAAA ATACAOGATT TCTTACAAAA OCAAGAATAT AAfiACATTOG 
2161, AATATAACTT AACGACTACA GAAGTAGTGA TCGAGAATOT AACAQCCMC TOGGAGGAOG 
2221 GATTTCGGGA ATTATTTOAG AAAGCAAAAC AAAACAATAA CAATAGAAAA ACTTCTAATC 
2281 OTGATCACAG CCTCTTCTTC AGTAATTTCT CACTTCTTGG TACTCCTGTO CTGAAAGATA 
2341 TTAATTTCAA GATAGAAAGA GGACAGTTC5T TGGCX5GT1X3C TGGATCCACT GGAGCAGGCA 
^401 AGACTOXakCT TCTAATGATC ATTATCOCSAG AACTCGAGCC TOCAGAGGGT AAAATTAAGC 
2461 ACAGTGGAAG AATTTCATTC TCTTCO^PACST TTTCCTGGAT TATGOCTGGC ACCATTAAAG 
2521 AAAATATCAT CTTTOGTOXT TOCTATGATC AATATAGATA CAGAAX50GTC ATCAAAGCAT 
2581 GCCAACTAGA AGAGGACATC TCCAAGTTTG CAGAGAAAGA CAATASCAGTT GTTGGAGAAG 
2641 GTGGAATCAC ACTCAGTCOA GGTCAAOSAG CAAGAATTTC TOTAGCAAGA GCAGTATACA 
2701 AAGATCCTCA mGTATTTA TTAGACTCTC CTTTTOGATA CCTAGATCTT TTAACAGAAA 
2761 AAGAAATATO TCAAAGCTGT GTCTOTAAAC TGATGGCTAA C AAAACT AGG ATTTTGGTCA 
2821 CTTCTAAAAT GGAACATTTA AAGAAAGCOX? ACAAAATATT AATTTT GCAT GAAGGTAGCA 
2881 GCTATTmA TOGGACATTT TCAGAACTCC AAAATCTACA GCCAGACTTT AGCTCAAAAC 
i941 TCATOOGATC TCATTCTTTC GACCAATTTA GTGCAGAAAG AAGAAATTCA ATCCTAACTC 
3001 AGACCTTACA COOTXTCTCA TCAGAAGGAG ATGCTCCTCW CTCCTGGACA OAAACAAAAA 
3061 AACAATCTTT TAAACAGACT GGAGAGTTTO GGGAAAAAAG GAAGAATTCT ATTCTCAAaC 
3121 CAATCAACTC TATACGAAAA TCTTCCATTG TGC7AAAGAC TCCCTTACAA ATCAATGGCA 
3181 TCGAAGAGGA TTCTGATGAG CCTTTAGAGA GAAGGCTGTC CTTAGTACCA GATTCTQAGC 
3241 AGGGAGAGGC GATACTCCCT CGCATCAGCG TGATCAGCAC TOGCCCCACG CTTCAGGCAC 
3301 GAAOGAGGGA GTCTGTCCTO AACCTGATGA CACACTCAGT TAACCAAGGT CAGAACATTC 
3361 AGCGAAAGAC AACAGCATCC ACACGAAAAG TGTCACTGGC CCCTCAGOCA AACTTGACTG 
3421 AACTOQATAT ATATTCAAGA AGGTTATCTC AAGAAACTCG CTTOGAAATA AGTGAAGAAA 
3481 TTAAGGAAGA AGACTTAAAG GAGTCCCTTT TTGATCATAT GGAGAGCATA CCAGCAGTCA 
3541 CTACATCGAA CACATACCTT COATATATTA CTGTCCACAA GAGC TTAAOT TTTCTCCTAA 
3601 TTTGGTGerr ACTAATTTTT CTPOGCAGAGG TCOCTGCTTC TTTGGTTOTG CTGTGGCTCC 
3661 TTOGAAACAC TCCTCTTCTVA GACAAAGGOA ATAGTACTCA TAGTAGAAAT AACAGCTATG 
3721 -CAGrGATTAT CACCAGCACC AGTTCGTATT ATCTGlTTTA CATTTACXSTC GGAGTAGCCG 
3781 ACACrmGCT TGCTATGGGA ITTCTTCAGAG GTCTACCACT GGTOCATACT CTAATCACAG 
3841 TGTCGAAAAT TTTACACCAC AAAATGTTAC ArrCTGTTCT TCAAGCACCT ATGTCAACCC 
3901 TCAACACGTT GAAAGCAGGT GGGATTCTTA ATAGATTCTC CAAAGATATA GCAATTTTGG 
3961 ATCACCnCT GCCTCTTACC ATATTTGACT TCATCCAGTT GTTA1TAATT GTGArTGGAG 
4021 CTATAGCAGT TGO^CGCAGTT TTACAACCCT ACATCTTTGT TGCAACAGTG CCAGTGATAG 
4081 TGGCTTTTAT TATGTTOAGA GCATATTTCC TCCAAACCTC ACAGCAACTC AAACAACTOG 
4141 AATCTCAAGG CAGGAGTCCA ATTTTCACTC ATCTTGTTAC AAGCTTAAAA GGACTATGGA 
4201 CACTTCGTGC CTTCGGACGG CAGCCTTACT TTGAAACTCT GTTCCACAAA GCTCTOAATT 
4261 TACATACTCC CAACTGGTTC TTCTACCTCT CAACACTGCG CTCSGtETCCAA ATGAGAATAG 
4321 AAATCATTTT TOTCATCTTC TTCATTGCTG TTACCTTCAT TTCCATTOTA ACAACAGGAG 
4381 AAGGAGAAGG AAGAGTTCGT ATTATCCTGA ClTTAGCCAT GAATATCATC AGTACATOGC 
4441 AGTOGGCTGT AAACTCCAGC ATAGATGTGG ATAGCTTGAT GCGATCTCTC AGCCGAGTCT 
4501 TTAAfiTTCAT TCACATCCCA ACAGAAGGTA AACCTACCAA GTCAACCAAA CXTATACAAGA 
4561 AltSGCCAACT CTCGAAAGTT ATCAOTATT$ ACAATTCACA CGTGAAGAAA GATCACATCT 
4621 GGCCCTCAGG GGGCCAAATC ACTCTCAAAG ATCTCACAGC AAAATACACA GAAGGTGGAA 
4681 ATCCCATAOT AGAGAACATT TCCTTCTCAA TAAGTCCTCG CCAGAGGGTC GGCCTCTTCG 
4741 GAAGAACTGG ATCAGOGAAG AGTACTTTGT TATCAGCTTT TTTGAGACTA CTGAACACTG 
4801 AAGGAOAAAT CCAGATCGAT GGTCTCTCTT GGCATTCAAT AACTTTCCAA CAGTGGAGGA 
4861 AAGCCrrrGG AGTCATACCA CAGAAAOTAT TTATTTTTTC TGGAACATTT AGAAAAAACT 
4921 TGGAOCCCTA TGAACAGTCG AGTCATCAAG AAATATGGAA AGTTGCAGAT GAGGTTGOGC 
4981 TCAGATCTCT GATAGAACAG TTTCCTGGGA AGCTTGACTT TCTCCTTGTG G^^frGGGGGOV 
5041 GTCTCCtAAG CCATCGCCAC AAGCAGTIGA TCTGCTTCGC TAGATCTGTT CTCAGTAAO^^ 
5101 CGAAGATCOT GCTGCrrTGAT GAACCCAGTC CTCATTTGGA TCCAGTAACA TACCAAATAA 
5161 TTAGAAGAAC TCTAAAACAA GCATTTGCTG ATTGCACAGT AATTCTCTGT GAACACAGGA 

SSSgaaoxk: caacaato^ -tgg^ktataga agagaacaaa gtgcggcagt 
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Nudeotide Sequence Analysis (cent*) 

5281 ACGATTCCAT CX::aGA7^ACTO CTOXAC<5AGA GC».GCCTCTT CCGGCAAfiCC ATCAGCCOCT 
5341 CCGACAGGGT GAAGCTCTTT CCCCACCGGA ACTCAAGCAA GTCCAAOTCT AAGCCCCAGA 
S401 trcCTGCTCT GAAAOAGGAG ACAGAAGAAG AGGTGCAAfiA •EACAAGGCTT rt^AGAGCAG 
5461 CATA&XTGTT GACATOQGAC AlOTSCTCAT GGAATTOGAG AAATCGTACX5 c5ctAOGACGC 
5521 GTAATAAAAT GAGGAAATTG CATOGCXTTO TCTC3AC3GCGT TACGCGGGAX OGTCCTOAGG 
5581 TACGAIOAGA CCCGCACCAG GTCCAGACCC rTGCSGAGTGTG GCCGTAAACA TATTAGGAAC 
S641 CAGCCTG1X5A TCCTCGATGT GACCGAOGAG CTCAGGCCCG ATCACTOCGT GCTGGCaTGC 
5701 ACCCGCGCTC AGTTTCGGTC TAGCGATGAX GATACAGATT GAQGTA CTGA AATGTGTOGG 
5761 CGTCGGTTAA GGGTGGGAAA GAATATATAA GGTGGOGGTC TCATGTACTT TTGTA5PCTCT 
5321 TT1X5CAGCAG CCGOOGCCAT GAGOGCCAAC TCGTTTCATG GAAGCATTOT CAGCTCATAT 
S881 TTGACAACGC GCATCCCCCC ATOOGCCGGG GTGCGTCAGA ATGTGATOGG CTCCAGGATT 
S9^41 GATOGTOGCC CCXSTCCTOOC COCAAACTCT ACTACCTTGA CCTACGAGAC CGTCTGTQGA 
6001 ACGGOGITOG AGACTGCAOC CTCOGCOGCC GCTTCAGCOG CTGCAGCCAC CGGCOGCOOG 
6061 ATTGTCACTC ACTTIOCTTT CCTGAGCCCX5 CTTGCAAGCA OTGCAQCTTC COGTTCATCC 
6121 OCCCX5CGATC ACAAGTTCAC GGCTCTTTTG GCACAATTGG MTCTTTCAC CQGGG AAC TT 
6181 AATGTCGTTT CTCAGCAGCT GTTGCATCTG CGCCAGCAGG TTTCTGCCCT GAAGGCTTCC 
6241 TCCCCTCCCA ATGGGGTrTA AAACATAAAT AAAAACCAGA CTCIOTTTOG ATTTTGATCA 
6301 AGCAAGTCTC TTGCTCTCTT TATTTAGGGG TTTTGCGCGC GCGGTAGGCC COGGACCAGC 
6361 GGTCTCGGTC GTTOAGOGTC CTOTOTATTT TTTCCAGGAC GTOGTAAAOG TCACTC TOGA 
6421 TOTTCAGATA CATGGGCATA AGCiXGTCTC TOGGGTGGAG GTAGCACCAC TGCAGAGCTT 
6481 CATCCTOCQG GGTGGTGTTG TAGATCATCC AGTCGTAGCA OQAGOGClOG GOCS fTQCSTGCC 
6S4i TAAA7ATCTC TTTCAGTAGC AAGCOtSATTO CCAGGGGCAO GCCCTTOGTO TAAGrGTrTA 
6601 CAAAGCGGTT AAGCTGGGAT GGGTGCAT;^ GTOGGGATAT GAGAOOCATC fTTGGACTGTA 
6661 TTTTTAGGTT GGCTATCTTC CCAGCCATAT CCCTCCQGGG ATTCATGTOG TCCAGAAOCA 
6721 CCAGCACAGT GTATCCGGTO CACTTGOGAA AmTGTCATG TAGCTTAGAA GGAAATCOGT 
6781 GGAAGAACrr GGAGACGCCC TTGTGACCTC CGAGATTTTC CATOCATTCG TCCATAATGA 
6841 TOGGAATGGG COCACGGGCG GCOGCCTGGG OGAAGATATT TCTCGGATCA CTAACGTCAT 
6901 AGTTGTCTTC CAGGATGAGA TCGTCATAGG CCATTTTTAC AAAGCGCGGG CGGAGGGTCC 
6961 CAGACTOCGG TATAATGGTT CCATCCXSfGCC CAGGQGCGTA GTTACCCTCA CAGATTTGCA 
7021 TTTCCCACGC TTTGAGTTCA OAHGOOOGGK TCATGTOTAC CTCCGGOGCG ATOAAGAAAA 
7081 CCX3TTTCOGG GGTAGGGGAG ATCAGCTOGG AAGAAAGCAG GTTCCTCAGC AGCTCCGACT 
7141 TAGCGCAGCC GGTGGGCCCG TAAATCACAC CTATTACCGG CTCCAACTGG TAGTrAAGAG 
7201 AGCTOCAGCT GCCGTCATCC CTGAGCAGGG GGGCCACTTC GTTAAGCATG TCCCTCACTT 
7261 GCATGOTTTC CCTGACCAAA TCCGCCAGAA GGCGCTCGCC GCCCAGCGAT AQCAGTOCTT 
7321 GCAAGGAAGC AAAGTOTTTC AACGGTTTGA GGCCGTCCGC CGTAOGCATG CTTTTGAGCG 
7381 TTTGACCAAG CAGTTCCAGG CGGTCCCACA GCTCGGTCAC GTGCTCTACG GCATCTOGAT 
7441 CCAGCATATC TCCTCGTTTC GCGGGTTGGG GCGGCTTTCG CTCTACGGCA GTAGTCOGTG 
7501 CTCGTCCAGA CGG<iCCAGGG TCATGTCTTT CCACGGGCGC AGOGTCCTCG TCAGCGTAGT 
7561 CTGGGTCACG GTGAAGGGGT GOGCTCCGGG CTGCGCOCTG GCCAGGGTCC GCTTGAGGCT 
7621 GGTCCTGCTO GTCCTGAAGC GCTCCCGGTC TTCGCCCTGC GCGTCGGCCA GG^GCATTT 
7681 GACCAroGlXS ICATAGTCCA GCCCCTCCGC GGCGTGGCCC TTGGCGCGCA GCTTGCCCTT 
7741 GGAGGAQGCG CCGCAOGAGG GGCAGTGCAG ACTTTTAAGG GCGTAGAGCT "TGGGCGCGAG 
7801 AAATACCGAT TCCGGGGAGT AGGCATCCGC GCCGCACSGCC CCGCAGACGG nCTCGCATTC 
7861 CACGAGCCAG GOXSAGCTCTO GCCGTTCGGG GTCAAAAACC AGGTTTCCCC CATGCTTTTT 
7921 GATGCGTITC TTACCTCTGG TTTCCATGAG CCGGTGTCCA CGCTCOOT6A CGAAAAGGCT 
7981 GTCCGTOTCC CCGTATACAG ACTTGAGAGG CCTGTCCTCG AGCGGTGTOC CGCGGTCCTC 
8041 CTCGTATAGA AACTCGGACC ACTCTGAGAC GAAGGCTCGC GTCCAGGCCA GCACGAAGGA 
8101 GGCTAAGTGG GAGGGGTAGC GGTCGTTGTC CACTAGGGGG TCCACTCGCT CCAGGGTGTG 
8161 AAGACACATG TCGCCCTCTT CGGCATCAAG GAAGGTGATT GG^TTTATAGG TOTAGGCCAC 
8221 GTGACCGGGT GTTGCTCAAG GGGGGCTATA AAAGGGGGTC GGGGCGCXTTT CGTCCTCACT 
8281 CTCTTCCGCA TCGCTCTCTG CGAGGGCCAG CTOTTOGGGT GAGTACTCCC TCTCAAAAGC 
8341 GGGCATCACT TCTGCGCTAA GATTGTCAGT TTCCAAAAAC GAGGAGGATT TCATATTCAC 
8401 CTGGCCCGCG GTGATCCCTT TOAGGGTGGC CGCGTCCATC TGGTCAGAAA AQACAATCTT 
8461 TTTGTTGTCA AGCmTCCTGG CAAACGACCC GTAGAGGGCG TTGGACAGCA ACTTGGOOAT 
8521 CGI^GCGCAGG GTTTGGTTTT TOTCGCGATC GGCGCGCTCC TTGGCCGCGA TCTTTAGCTO 
8581 CACGTATTCG CGCGC AACGC ACCGCCATTC GGGAAAGACG GTGGTGCGCT CGTCGGGCAC 
8641 CAGGTCCACG CGCCAACCGC GGTTGTCCAG GGTGACAAGG TCAACGCTGG TCGCTACCTC 
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Nudeotide Sequence Analysis (cont.) 

8701 TCCGCGTAGG CGCTCGTTOG TCCAGCAGAG GCX5GCCGCCC TTGOQCG^C AGMmSGOGG 
8761 TAGTGGGTCT AGCTCCGTCT CGTCOSGGOG GTC1X3CXSTCC AOGGTAAAGA CXXCQQGCAG 
8821 CAGGCGCGCG TCGAACTAGT CTATCTTGC& TCCTTCCAAG TCTAGCGCCT GCTCCCATCC 
8881 OOOGGCGGCA AOCGOGOGCT CGTATOaaTT GAGrGGOGOA CCCCATCOCA Ti»G<3TGGGT 
8941 GAGCGGGGAG GOOmCATOC OSCAAA"IGTC GTAAACGTAC AOSGGCTCTC TGACTA TTCC 
9001 AAaATAXGTA GGGrCMSCaSX: TtCCACOGCG GATQCrGGOG CGCACGTAAT CGTATAGTTC 
9061 GTGCOaOGGA GCaAGOAtOGT OGOOACOGAS GVraCTMSQa GOGGGCaXXTT CTOCTOGGAA 
9121 GACTATCTCC CTGAAGArTSG CAaVSTSAGTT GOATOATATC GITOSACGCT OGAAGAOOTT 
9181 GAAGCltSGCG TCTSTGAGAC CTACCGCGTC AOGCACGAAG GAG60STA06 AO TOGCG CAG 
9241 CTOGTIGACC AGCTCGGCGG TGACCTGCAC GTCTAGOGCG CAGTAGTCCA CGGTTTCCTT 
9301 GATGATGrCA TACTTATCCT GTCCCTTTTT TTTCCACAC3C TOGCGGrTGA GGACAAACTC 
9361 TTCGCGOtrCT TTCCAGTACT CTmSGATCaG AAACCCGTCG GCCTCCGAAC GGTAAGAGCC 
9421 TAGCATOTAG AACTCGTKSA CXSOCCTOGTA GOOOCAGCAT CCCTTTTCTA CGGGOafiOGC 
9481 GTA1GCCTCC GCGGCCTTCC GGAGGGAGGT OOGGGTGAGC GCAAAGGTGT CCCTAACCAT 
9541 GACmGAGG TACTCGTATT TGAAGTCAGT GTCGTGGCAT CCGCCCTCCT CCCAGAOCAA 
9601 AAAGTCCGTC CGCTTTTTGG AACGCGGGTT TQGCAGGGCG AAGGTCACAT COTTGAAAAO 
9661 TATCmccC GCGCGAGGCa TAAAGTTGCO TCTGATCOOG AAGGGTOCCG GCACCTOQSA 
9721 ACGGTTGTTA ATTACXTTOOG CGGCX3SAGCAC GATCTCGTCG AAGCCGITCA g^-ilX HTOGCC 
9781 CAOGAOXSTAA AGTTCCAAGA AGCGCGGGGT GCCCTTGATG GAQOGCAATT TTTTAAGTTC 
9841 ClOGTAGOTC AGCTCCTCAG GGGACSCTGAG CCCGTGTTCT GACAGGGCCC AGTCTCCAAG 
9901 ATGAGCGTTC GAAGCGAOGA ATCAGCICCA CAGGTCACX3G GCCATTAGCA «ETaGCAGGTG 
9961 GTCGCGAAAG GTOCTAAACT GGCGAOCTAT GGCCAmTTT TCTGGGGXGA TGCAGTASAA 
10021 GGTAAGCQGG TCTTGTTCOC AGCGGTCCCA TCCAAG6TCC ACGGCTAGGT COJCGCGCaQGC 
X0081 GOTCACCAGA GGCTCATCTC CGCCOAACTT CA-ffAACCafiC ATGAAGQOCA CGAGCTCCTT 
10141 CCCAAAGGCC CCCATCCAAG TATAGGTCTC TACATCGTAG OTOACAAAGA OACOCTCGGT 
10201 GCGAGGATGC GAGCOGATCG GGAAGAACTG GATCTCCCGC CACCAGTTGG AGGAGTOGCT 
10261 GrTGA-IGTOa TGAAAGTAGA AGXCCCTGCG ACGGGCCX3AA CACTCGTGCT OGCTTTTCTA 
10321 AAAACGTGCG CAGTACTGGC AGCGGTOCAC GGGCTCTACA TCCTGCACGA GGTTCACCTG 
10381 ACGACCGCGC ACAAGGAAGC AGAGTCGGAA TTTGAGCCCC TCGCCTGGCG GGTTTOQCTG 
10441 GOGGTCTTCT ACTTCGGCTC CVIVlXJC n X^ ACCGTCTOOC TGCTOGAGGG GAGTTATGGT 
10501 GGATCGGACC ACCACGCCGC GCGAGCCCAA AGTCCAGATCS TCCGCGCGCG GCXSGTCGGAG 
10561 CTTOATCACA ACATCGCGCA GATOGGAGCT GTCCATGCTC TG6AGCTCCC GCGGCGACAG 
10621 GTCAGGCGGG AGCTCCOXSGA GGTTTACCTC GCATAGCCGG GTCAGOGOC3C GGGCTAGGTC 
10681 CACSGTGATAC CTGATTTCCA GGGGCTGOTT OGTOGCGGCG TCGATGACTT GCAAGAGGCC 
10741 GCATCCCCGC GGCGCGACTA CGGTACCGCG CGGCGGGCGG TGGGCCGCGG GGGTGTCCTT 
10801 GGATGATGCA TCTAAAAGCG GTGACGCX3GG CGGGCCCCCG GAOaTAGGGG GGGCTCGGGA 
10861 CCCGCCGGGA GAGGGGGCAG GGGCACGTCG GCOCCGCGCG CGOGCAGGAG CTQGTGCTGC 
10921 GCGGOGAGGT TGCTGGCGAA CGCGACGACG CGGCGGTTGA TCTCCTGAAT CTGGCGCCTC 
10981 TCCGTOAAGA CGACGGGCCC GGTGAGCTTG AACCTGAAAG AGAGTTCGAC AGAATCAATT 
11041 TCGGIGTCGT TGACXSGCGGC CTGGCGCAAA ATCTCCTCCA CGTCTCCTGA GTTGTCTTCA 
11101 TAGGCGATTT CGGCCATGAA CTCCTCGATC TCTTCCTCCT GGAGATCTCC GCGTCCGGCT 
11161 COCTCCACGG TGGCGGCGAG GTCGTOGGAG ATGCGGGCCA TGAGCTOCGA GAAGGCGTTC 
11221 AGGCCTCCCT CGTTCCAGAC GCGGCTGTAG ACCACGCCCC CTOCGGCATC GCGGGCGCGC 
• 11281 ATGACCACCT GCGCGAGATT GAGCTCCACG TGCCX3GGCGA AGACGGCGTA GTOTCGCAGG 
11341 CGCTGAAAGA GGTAGTTCAG GGTCGTGGCG GTGTGTTCTG CCACX3AAGAA GTACATAACC 
11401 CAGCGTOGCA ACOTCGATTC GTTOATATCC CCCAAGGCCT CAAGGCGCTC CATGGCCTCG 
11461 TAGAAGTCCA CGGCGAAGTT GAAAAACTGG GAGTTCCGCG CCGACACGGT TAACTCCTCC 
11521 TCCAGAAGAC GGATGAGCTC GGCGACAGTQ TCGCGCACCT CGCGCTCAAA GGCTACAGGG 
11581 GCCTCTTCTT CO-KIAATCTC CTCITCCATA AGGGCCTCCC CTTCTTCTTC TrCTTCTGGC 
11641 GGCGGTGGaa GAGGGGGGAC ACGGCGGCGA CGACGGCGCA CCGGGAGGCG GTCGACAAAG 
11701 CGCTCGA'TCA TCTCCCCGCG GCGACQGCGC ATGGTCTCGG TGACGGCGCG GCCGTTCTCG 
11761 CGGGGGCGCA GTTOGAAGAC GCCGCCCGTC ATGTCCCGGT TATCGGTIGG CGGGGGGCTG 
11821 CCGTCCGGCA GGGATACGGC GCTAACGATG CATCTCAACA ATTCTTGTGT AGGTACTCCG 
liaai CCACCGAGGG ACCTGAGCGA GICOGCATCG ACCGGATCC3G AAAACCTCTC GAGAAAGGCG 
lltll CACaStCGCA AGGTAOGCTC AGCACCGTGG CGGGCGGCAO CGOaK^GOGG 

"ool ?oSSg5tgt Stctgocgga GGTCCTCCTG ATCATOTAAT TAAAGTAGGC ggtcttgaga 
lloll SS^SSJS TcSaCAGAAG CACCATG-rcC TTGGGTCCGG CCTGCTGAAT GCGCAGGCGG 
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12121 

12181 

12241 

12301 

12361 

12421* 

12481 

12541 

12601 

12661 

12721 

12781 

X2841 

129 Ql 

12961 

13021 

13081 

13141 

13201 

13261 

13321 

13381 

13441 

13501 

13561 

13621 

13681 

13741 

13801 

13861 

13921 

13981 

14041 

14101 

14161 

14221 

14281 

14341 

14401 

14461 

14521 

14581 

14641 

14701 

14761 

14821 

14881 

14941 

ISOOl 

15061 

15121 

15181 

15241 

15301 

15361 

15421 

15481 



TCGGCCATCSC 
ACCCTTTCTA 
GCTACGGCOG 
CCGAAGCCCC 
GCCTGCTOCA 
GCGCCCGTC3T 
CCCOGCTQCG 
TCX3TT5CAAG 
TAGAGGGGOC 
TGATATCCGT 
GGAAAiCTCGC 
AOSCTCTGGC 
CTGXAAGCOG 
-GACCGGOOTT 
TGTCGAACCC 
GGCGCXSGCtSG 
GOCTOGAAAG 
<5GTTGAGTOG 
TTT&CCTCCC 
GTTTTTIX5CT 
CGGCAAGAGC 
GOAGOGGCAA 
GGQGCCCGGC 
TCTCCTQAGC 
CGGCAGAACC 
TTCCACGGAG 
GACTTTOAGC 
OACCTGGTAA 
AACAACCAOG 
TCGGACTTTO 
TTCCTTATAG 
GTAQAGCCCG 
CAGQAGCGCA 
CTGGGCAAGT 
OTAAftaATCG 
CTGGGCQTTT 
CTCAGCGACC 
GATAGAGAGG 
CGCGCCCTGG 
AACX5TCGGCG 
TACTAAGCGG 
CGGCGCTGCA 
ACCGCATCAT 
ACCGGCTCTC 
AOGTGCTGGC 
GCCTGCTCTA 
CXZAACCTGGA 
AGCAGCAGGG 
CCAACGTGCC 
TCACTCAGAC 
GTaGACAAGG 
GGGGOGTGCG 
CGCGCCTGTT 

gatacctagg 
agcatacttt 

GCCTGGAGGC 
ACAGTTTAA?^ 



cccaggcttc 
ccggcacttc 

CGGCGGAGTT 
TCATCGGCTG 
CCTOCGT8AG 
T6ATGGTC3TA 
AGAGCTCGGT 
TCCGCACCAG 
AGCGTAGGGT 
AGATGTACCT 
GGACGCGGTT 
CGGTGAGGCG 
CCACTCTTCC 
OGAACCCCGG 
AGGTCTGCGA 
CTGCTCCGCT 
CGAAAGCATT 
CAGGACCCCC 
CX3TCATOCAA 
TTTCCCAGAT 
AAGAGCAGCG 
CATCCGCGGC 
ACTACCTGGA 
GACACCCAAG 
TGTTTCCCGA 

CCGACGCGCG 
CCGCOTACGA 
TGOGCACGCT 
TAAGCGCGCT 
TGCAGCACAG 
AGGGCCGCTG 
GCTTGAGCCT 
TTTACGCCCG 
AGGGOTTCTA 
ATCGCAACGA 
GCGAGCTGAT 
CCGAGTCCTA 
AGGCAGCTGG 
GCGTGGAGGA 
TGATGTTTCT 
GAGCCAGCCG 
GTCGCTGACT 
CGCAATTCTO 
GATCGTAAAC 
CGACGCGCTG 
CCGGCTGGTG 
CAACCTGGGC 
GCGGGGACAG 
ACCGCAAAGT 
CCTCCAGACC 
GGCTCCCACA 
GCTGCTGCTA 
TCACTTGCTO 
CCAGGAGATT 
AACCCTGAAC 
CAGCGAGGAG 



GTTTTGACAT 
TTCTTCTCCT 
TGGCOGTAGG 
AAGCAGGGCC 
GGTAGACTOG 
AGIGCAGTTG 
GTACCTCAGA 
OTACTGATAT 
GGCCGGGGCT 
GGACATCCAG 
CCAGATOirrG 
TGCGCAGTCG 
GTQGTCTGGT 
ATCCOGCCJGT 
OQ TCAGACAA 
AGCTTTTTTG 
AAOTGCCTCG 
OGTTCXSAGTC 
GACCCOGCTT 
GCATCOGGTG 
GCAGACATCC 
rGKCOCGQCG 
CTTGGAG6AG 
GGTGCAGCTG 
CCGCX3AGGGA 
GCOGCATGGC 
GACCGGGATT 
GCAGACX3GTG 
TGTOGOGCGC 
CGAGCAAAAC 
CAOOGACAAC 
GCTGCTCGAT 
GGCTGACAAG 
CAAGATATAC 
CATGCGCATG 
GCGCATCCAC 
GCACAGCCTG 
CTTTGAOGCG 
OGCCGGACCT 
ATATGACGAG 
GATCAGATCA 
TCCGGCCTTA 
GCGCGTAACC 
GAAGCGGTGG 
GCGCTCGCCG 
CTTCAGCGCG 
GGGGATGTCC 
TCCATGGTTG 
G7U3GACTACA 
GAGGTCTACC 
CTAAACCTGA 
GGCOACCGCG 
ATAGCX5CCCT 
ACACTGTACC 
ACAAGTGTCA 
TACCTGCTGA 
GAGCGCATCT 



CGGCGCAGOT 
TCCTCTTOTC 
TGGCGCCCTC 
AGGTCGGC3GA 
AAGTCATCCA 
GCCATAAOGO 
OGCGAGTAAG 
CCCACCAAAA 
COGGGGGOGA 

OGCAGCGGCA 
TTGACGCTCT 
GGATAAATTC 
CCGCOGTOAT 
CGGGGGAGC6 
GCCACTGGCC 
CTCCCOXSTAG 
TCGGOCCGGC 
GCAAATTCCT 
CTOCGGCAGA 
AGGGCACCCT 
GCAGATGGTO 
GGCGAGGGCC 
AAGCGTGACA 
GAGGAGCCCG 
CTGAACCGCG 
AGTCCCGCGC 
AACCAGGAGA 
GAGGAGGTGG 
CCAAATAGCA 
GAGGCATTCA 
TTGATAAACA 
GTGGCCGCCA 
CATACCCCTT 
GCGTTGAAGG 
AAGGCCGTGA 
CJ^AAGGGCCC 
GGCGCTGACC 
OGGCTGGCGG 
GACGATGAGT 
TCCAAGACGC 
ACTCCACGGA 
CTGACCCGTT 
TCCCGGCOCG 
AAAACAGGGC 
TCGCTCGTTA 
GCGAGGCCGT 
CACTAAACGC 
CCAACTTTGT 
AGTCCGGGCC 
GCCAGGCTTT 
CGACCGTOTC 
TCACGGACAG 
GCGAGGCCAT 
GCCGCGCGCT 
CCAACCGGCG 
TCCGCTATGT 



CTTTGTAGTA 
CTGCATCTCT 
TTCCTCCCAT 
CAACGOGCTC 
TGTCCACAAA 
ACCAGTTAAC 
CCCTTGAGTC 
AOT6COQCOG 
GGTCOTCCAA 
CGGOGGTOGT 
AAAAGTGCTC 
AGACCGTGCA 
GCAAGGGTAT 
CCATGCGGTT 
CQXrCTTTTGG 
GCOCGCGGCG 
CCGGAGGGTT 
CGGACTCCGG 
CCGQAAACAG 
TGCGCCCCCC 
CCCCTTCTCC 
ATTACGAACC 
TOGOGOGGCT 
OOCGOGAGGC 
AGGAGATGC6 
AGCGGTTCCT 
GCGCACACGT 
TTAACmrCA 
CTATAGGACT 
AGCCGCTCAT 
GGGATGCOCT 
TTCTGCAGAG 
TTAACTATTC 
ACGTTCCCAT 
TCCTTACCTT 
GCGTGAGCCG 
TGGCTGGCAC 
TGCGCTGGGC 
TCGCACCCGC 
ACGAGCCAGA 
AACGGACCCG 
COACTGGCGC 
CCGGCAGCAG 
CGCAAACCCC 
CATCCGGCCC 
CAACAGCGGC 
GGCGCAGCGT 
CTTCCTGAGT 
GAOCGCACTG 
AGACTATTTT 
CAAGAACTTG 
TAGCOTGCTG 
aX3GCAGCGTG 
AGGTCAGGCG 
GGGGCAGGAG 
GCAGT^GATC 
GCAGCAGAGC 



OfTCmraCATG 
TOCATCTATC 
CCGTGTCACC 

ggStaatatg 

GCGGTGGTAT 
OGTCTOGTGA 
AAAGACGTAG 
OOGCTCGOGG 
CATAAGGCGA 
OGAGGCX5CCC 
CATCGTCGGG 
AAAOGAGAGC 
CATOGCGGAC 
ACCGCCCGCX5 
CTTOCTTCCA 
TAAGC06TTA 
ArrTTTCCAAG 

GGACGAGCCC 
TCCTCAGCAG 
TACCGCGTCA 
CCCGOGGCX2C 
AGGAOCGCCC 
OTACGTGCC6 
CGAT03AAAG 
GCGCGAGGAG 
GGCGGCCGCC 
7AAAAGCTTT 
aATCCATCTC 
GGCGCAGCTG 
GCTAAACATA 
CATAGTGGTO 
CATCCTCAOT 
AGACAAGGAG 
GAGCGACGAC 
GCGGCGCGPiG 
GGGCAGCGGC 
CCCAAGCCGA 
GCGCGCTGGC 
CGACGGCOAG 
GCGGTGCGGG 
CAGGTCATGG 
CCGCAGGCCA 
ACGCACGAGA 
GATGAGGCCX5 
AACGTGCAGA 
CAGCGCGCX^C 
ACACAGCCCG 
CGGCTAATGG 
TTCCAGACCA 
CACCGGCTGT 
ACGCCCAACT 
TCeCGGGACA 
CATGTGGAOG 
GACACGGOCA 
CCCTCGTTGC 
GTGAGCCTTA 
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1S541 ACCTCA.'XtSCG OCSAOaGOGTA ACGCCCAGCG TGGCGCTGGA CATGACCGCG CGCAACATCG 
1S601 fAOCOQGCXr GTATOCCTCA AACCGGCCGT TTATCAATCG CCTAATGGAC TACTTOCATC 
.15661 GCGCGOXGC OQTOAACCCX; GAGTATTTCA CCAATCCCAT CTTOAAOOQS CACTCOCTAC 
1S721 CGCCCCCTCG TTTCTACACC GGGG6ATTTO AGGTGCCCOA OOCTAAOSAT GCRTTCCTCT 
15781 GCSGACGACAT AGACGACAGC GTGTTTTCCC CGCAACCGCA GACCCTOCTA GAGTTCCAAC 
15841 AGCGCGAGCA GGCAGAOGCG GCGCTO0C3AA AGGAAAGCTT CCGCACGCCA AGCAGCTTCT 
15901 CCGATCTAGG CGCTGCGSCC CC<3CG<3TCAE3 ATGCGACTAG CCCATTTCCA AGCTTOATAO 
15»61 GOTCTTTTAC CAGCACTCGC ACCACCCGCC CC3CGCCTGCT GGGCGAGGAG GAGTACCTAA 
16021 ACAACTC5GCT GCTOCAGCCO CAGCGCG&AA AGAACCTCCC TCCGGCATTT CCCAACAAOG 
16081 GGATAGAGRG CCTAGTGGAC AAGATC5ASTA GATGGAAGAC GTATOCOCAO GAOCACAGGG 
16141 ATCTCCCCGG CCCGCGCCCG CCCiiCCCaTC GTCAAAGGCA COACOGTCAO CGGGGTCTQG 
16201 TOTGGOAGGA CGATGACTCG GCAGACGACA GCA6CGTCCT GGATTTQGGA CGGftCTOSCA 
16261 ACCCGTOTCC GCACCTTCGC CCCAGGCTGG GGAGAATGTT TTAAAAAAAA AAAAAAAAAG 
16321 CATGATOCAA AATAAAAAAC TCACCAAOSC CATGGCACCG AGCOTTTOTT TOTTCTATO 
16381 CCCCTTAGTA TOCAGOGCGC GGCGATGTAT GAGGAAGGTC CTCCTCCCTC CTACGAGAGC 
16441 GTGGTOAOOa OOGOGCCAGT GGOGGOGGCG CTGOGTTCCC CCTTCGATGC TCCCCTGC3AC 
16S01 CCGCCGITO TCCCTCCGCG OTACCOGCXSG CCTACCGGGG G^JGAAACAG CATCOGTTAC 
16S61 TCTCAGTTGG CACCCCTATT CGACACCACC CGTGTGTACC TTCTGG^AA CM^TCAAOO 
16621 GATCSTGGCAT CCCTCAACTA CCASAACGAC CACAOCAACT TTCTAACCAC GGTCAJTXCAA 
16681 AACAATCACT ACAOCCCGGG cisAGGCAAGC ACACAGACCA TCAATCTK5A OGACOGTTO6 
16741 CACTCGQGCG GCGACCTCAA AACCATCCTG CATACCAACA TGCCAAATCT GAACGAGTTC 
16801 ATGTTTACCA ATAAGTTTAA OOCGCQGGTG ATGGTGTCGC GCTCGCTTAC TAAGGACAAA 
16861 CAGGTGGAGC TCAAATATGA GTQGGTGGAG TTCACGCTGC CCQAGGGCAA COCACTCCGAG 
l€d21 ACCATGACCA TAOACCTTASP GAACAACGCG ATCGTGGAGC ACTACTTCAA AGTGGGCAGG 
16S81 GASAAOOGGG TTCTCGAAAG CGACA-KXSGO 6TAAAGTTTG ACACCCGCAA CTT CAGACT G 
17041 GOGTTTCACC CaGTCACTGG TCOTGTCATG CCTtSGGGTAT ATACAAACGA AGCCTTCCAT 
17101 CCAGACATCA TTTTCCTCCC AGGATSCGGG GTQGACTTCA CCCACAGCCG CCTCAGCAAC 
17161 TTGTrtSGGCA TCCGCAAOOO OCAAOCCTTC CAGGAGGGCT TTAGGATCAC CTACGATSAC 
17221 CTCGAGGGTG GTAACATTCC CGCACTGTTG CATGTGGACG CCTACCAGGC AAOCTTAAAA 
17261 GATCACACCG AACAGGGOGG GGATGGCGCA GGCGGCGGCA ACAACAGTGG CAGOSOCGCG 
17341 GAAGAGAACT CCAACGCOGC AGCCGCGGCA ATGCAGCOGG TGGAGGACAT GAACGATCAT 
17401 GCCATTCGCe GCGACACCTT TGCCACACX3G GCGGAGGAGA AGCGCGCTGA GGCCGAGGCA 
17461 GGGGCAGAAG CTOCCGCCCC CGCTGCGCAA CCCGAGGTCG AGAAGCCTCA GAAQAAACCG 
17S21 GTGATCAAAC CCCTGACAGA GGACAGCAAG AAACGCAGTT ACAACCTAAT AAGCAATGAC 
17S81 AGCACCTTCA CCCAGTACCG CAGCTGGTAC CTTGCATACA ACTACGGCGA CCCTCAGACC 
17641 GGGATCCGCT CATCGACCCT CCITTGCACT CCTGACGTAA CCTGCGGCTC OGAGCAGGTC 
17701 TAC1GGTCGT TGCCAGACAT GATGCAAGAC CCCGTCACCT TCCGCTCCAC GAGCCA GATC 
17761 AGCAACTTTC CGCSTCCTGOG CGCCGAGCTG TTGCCCGTGC ACTCCAAGAG CTTCTACAAC 
17821 GACCAGGCCG TCTACTCCCA GCTCATCCGC CAGTTTACCT CTCTGACCCA CGTGTTCAAT 
17881 CGcmCCCG AGAACCAGAT TTTOGCGCGC CCGCCAGCCC CCACCATCAC CACCGTCAGT 
17941 GAAAAOGTTC CTOCTCTCAC AGATCACGGG ACGCTACCGC TGCGCAACAG CATCGGAGGA 
18001 GTCCAGCC5AG TCACCATTAC TGACXX^CAGA CGCCGCACCT GCCCCTACGT TTACAAGGCC 
18061 CTGGGCATAG TCTCGCCGOG CGTCCTATCG AGCCGCACTT TTTGAGCAAA CATGTCCATC 
18121 CTTATATCGC CCAGCAATAA CACAGGCTQG GGCCTGCGCT TCCCAAGCAA GATGTTTGGC 
. 18181 GC3GGCAAAGA AGCGCOCCGA CCAACACCCA GTGCGCGTCC GCGGGCACTA CCGCGCGCCC 
18241 TtSGGOCGCGC ACAA*CG(5GG CCGCACTGGG CGCACCACCG TCGATCACGC CATTCACG^ 
18301 GTCGTQGAGG AGGCGCGCAA CTACACGCCC ACGCCGCCAC CAGTCTCCAC AGTGGACGCXS 
18361 GCCAOTCAGA CCGTCGTCCG CGGAGCCCGG CGTTATGCTA AAATGAAGAG ACGGCGGAGG 
18421 CGCGTAGCAC GTCGCCACCG CCGCCGACCC GGCACTGCCG CCGAACGCGC GGCGGCGGCC 
18481 CTCCTTAACC GCGCACGTCG CACCGOCCGA CQGGCGGCCA TCCGGGCCGC TCGAAGGCTG 
18541 GCCGCOGGTA TTGTCACTCT GCCCCCCAGG TCCAGGCGAC GAGCGGCCGC CGCAGCAGCC 
18601 GCGGCCATOA GTGCTATCAC TCAGGOTCGC AGGGGCAACG TGTACTOGGT GCGCGACTCG 
18661 GTTAGCGGCC TGCGCGTGCC CGTGCGCACC OGCCCCCCGC GCAACTMAT TCCAAGAAAA 
18721 AACTACTTAG ACTCGTACTC TTCTATGTAT CCAGCGGGGG COGCGCGCAA CGAAGCTATG 
^8781 JJcAAGCGCA AAATCAAAGA AGAGATGC^ CAGGTCATCG CGCCGGACAT CTATGGCCCC 
18841 CCGAAGAAGG AAGAGCAGGA TTACAAGCCC CGAAAGCTAA AGCGGGTCAX AAAGAAAAAG 
18901 AAAGATCATC AT^ATGATCA ACTTCACGAC GAGGTGGAAC TGCTGCACGC AACCGCGCCC 
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X8961 AGGCGGCGGG TACAGTCGAA AOGTCGAOCSC OCMWSAOGTC TTTTGOGACC CGGCACCA^ 
19021 OTAtylTTTOA CGCCCGGTGX GCGCICCACC CGCACCTACA AOOOOQIGTA TGATGAGCTG 
isoei S^GAOS SgScScT TCAGCAGGCC AACGAGCGCC TOCeOSftOTT TGCCTACXaSA 

iswi SSScaS agg^Sstt ggcgotoccg ctogacgaoc ccaacccaac acctacsocta 

iwSi SaSccSS CAC«5CAGCA aGaaCIGOCC ACOCOTOCAC C(«[«^G^AGA JJJGOGOOGC 
19261 CTAAAOCGCG AeTCIOGTSA cnoOCACCC ACCOTOCAfiC TCATCGOACC CAAGCGCCAG 
mil SiSJ^ JJSSSSa AAAAAltSACC GOX^AGCCTO GG^rGGJCCC C^^J^COSC 
19381 ^KSCOGOCAA TCAAGC?«3OT OOCACCGGSA CTOOOfOTOC ^JOCGTOGA CCTTC^^ 
19441 CCCACCACCA GTAGCACTAG TATXGOCACT OOCACAOMO GCATCGAGAC ACAAATOTCC 
19501 CCXSGOTOOCT CXSGOGGTCGC AGATGCCGCO Oa»C»GGCCSO ^GCIGOGeC OGOGT^AA 
19561 ACCTCTACGG AGGTCCAAAC GGACCCOTQG ATCTTTCGOO TTTCftOCCOC COOSOG^CO 
19621 CGCCGTTCCA GCyAGTAOCSG CACCGCCAGC GCACTACTOC COGAMMGC CCTACJTCCT 
19681 TCCATCGCGC CTACCCCCGG CTATCGTSGC TACACCTACC OC^CJGXAG AOG^O^ 
19741 ACCOGACGCX: GAACCACCAC TOGAACCCGC CGCOGCOGTC GCCCTOGCCA GCCCCTOCTC 
19801 ecCCCGATTT COOTCCGCAG GGTOGCTCGC GAACGAGGCA fiOA^CTQCT GCTOCCA^ 
19S61 GCGOCSCTaCC ACCCCAGCAT CGTTTAAAAG CCG<3TCm» TCGTTC^ AGATATCGOC 
19921 CTCACCOGCC GCCTCCGTrr CCCeCXeCCG GGM-POOGW3 CaAGAATCCA OCffittGGJOG 
19981 GGCATXSGCCG GCCACGGCCT GAOGOSCCGC ATCSCeTOOTS ^C^XG GCGGO^OGC 
20041 GCGTCGCACC GTCGCATCOG CGGCGGTATC CTGCCCCTCC TTATTOCACT OATOGCOOCS 
iOlOl SStG^G SgtScCGG AAOTQCATCC GTGGCCTTGC AGOCGCftGWS ACACTCATOA 
20161 ^CaStT ^tStGGAA AAATCAAAAT AAAAAGTCIG GAGTCTCACG CTCGCTTGC5T 
rolll S^JS ?;JlCTAGAA TGGMUaCAT CAACTTTGCG TCTCTOGOCC ^G^JfJ^ 
20281 CTOGCGCCOG TTCATOG6AA ACTOGCAASA ^M^GGCACC ^CAATATGA GO^J^ 
20341 CTTCAGCTC5G GGCTCGCTOT GGASCGOCAT TAAAAATTOC OOTTCCACCA OTAAGAACTA 
Toltl SSSSS SSSSS GCAGCACAGG CCAGATGCOG ASOffl^^ SS^SSS^ 
20461 AAAOncCAA CAAAAGGTOG TAGATGCCCT GGCCTCTOGC ATIAGOOOOG TOOT^A^ 
2S52I GGCCAACCAG GCAGIGCAAA ATAAGAITAA ^^^AGCTT g^^^gj^ SSS^SS 
20581 GGAGCCTCCA CCOGCCGTGG AGACAGTGTC TCCAGAGGGG C^^^^^S^ 
mil 2?5SSSS GAAGAAACTC ICGTGACGCA AATAGATGAG C^CCCTOCT ^^^^ 
!>A7ni AOTAAAiSCAA GGCCTGCCCA CCACCCGTCC CATCX5CGCCC ATCGCTACCG GAGTOCTO^ 
§;?6a SSSSSSi ^SSSSJ ,«GAC<nGCC TCCCCCOGCJ O^ACCCAGC JgJ^^ 
20821 GCTGCCAGGG CCGTCOGCCG TTGTTGTAAC CCG^CTMC JGCG^TCCC ^^^J^^ 

§2f SSSSSS SS^SS ^SSJS s^sss^ 

mil S^SSSS? SSSSSJ J^^CAIO TCGCCGC^ ^SSSS? A^SSS 
21061 G03CCCGCTO TCCAAGATGG CTACCCCTTC GATGATGCCG cSSSSc 
21121 CICOCGCCAG GACGCCTCGG AGTACCTGAG CCCCGGGCTG JJ^JfJJJ^ SJSSSa 
21181 CGAGACGTAC TTCAGCCTGA ATAACAAGTT TAGAAACCCC ACGGTCGC^ CTAC^AOTA 
21241 oe^CCACA GACCGCTCCC AGCOMTCAC GCTGCGGTTC ATCCCTGTGG ACCGCGA^A 
mil ?JSS^G CGCGGTXCAC CCJGGCTGTG ^^^^ 

21361 TATGGCOTCC ACGTACTTTG ACATCCGCGG CGTGCTC6AC AGOQGGCCTA CTTTTAA^ 
51451 (^l^CTCCGGC ACTGCCTACA ACGCTCTAGC TCCCAAGGGC GCTCCTAAC?r CCTOTGAGTO 

mil S^SSS? gSSSgcg gcogggcagt tgccgaggat gaagaagagg aagatcaaga 

. ^15" ^SSgJJ^ S^G^SSS AGCAAAACGC TC^^ 

'ilfiOl r-TATCCCCM GCTCCrrrTGT CTCGAGTiAAC AATTACAAAA AGCGGGCTAC AAATAGGATC 
lltll SSSSS CTAAACCTGT j^JACaCAGAT CCTTCCTATC AACCAOAACC 

SSJSS S^SSJ^? 2§S^S SJSS 

mil JJ^cSaSa AAAAGG«3«; CerCTTCCAA AGGTTGACaT< 

ssr^s s=s 

SSti SSSSJS SSSS??? 

r,1^yn ni^r^t-^TorsG^ GTTCTTGCTG GTCAGGCATC GCAGCTAAAT GCCGTGGTAG ATnxJCAA^^A 
22141 CAACATGGGT GTTOTOCTl, gctoGATTCC ATAGGTGATA GAACCAGATA 

22201 CAGAAACACA GAGCTGTCCT JJJ^ST^TJ JtATGATCCA GATCTTAGAA TCATT3AAAA 
22261 TrrrrCTATG TGGAATCAGG JTGTAGACAG J^^^ erroGGGGTA TOGGGTAAC 

22321 CCATOGAACT GAGGATCAAT TGCCAAATTA li^jAirJ.^^^ 
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,22381 TCACACCTAT CAAGCTXrnni AGC5CTAATGG CAATGGCKA JGCGJJ^ 

22441 AOGOACMAA GATCWACTT OTSCAACACG TAATCAAMX GGJJJSS^^t tS^SSS 

22501 ciTOSAMkTT AACCTAAXTC CCAACCTATS GAGAAATTTC crTTACTCCA MMTGOGCT 

SSSCTAX AXTACAA^ SS^SS SJSJa^ ^SSS 
22621 CACCTACGAC TACa^TCAACA AGCGASTOGT GGCTCCOGGG CTTCTMACT JCTAC^TAA 
CCTTOGGtSCG CGCTOGTCTC OGGACIACAT GGACAACXSTT AaaXXXTTTTA JjC CACCACCG 

S^^SSS? SS^S? ocTccATOTT SSS^ 
SSSSS SSJSJS^ SSSSS SSISSS SSSS^ 

ISS ^SSS SScATTAA JSSS ^sssss 
^041 SJSSJS SSSSS SSS?^ 

I^JSi S^^SS^? S^SSS ScATCCCATC «CaCAJCTO0 OCAGC^ J^^S^ 

SSf^x 

St!i. SSS^^ JS^SS iSSSSS 

23401 CAACAOXSACC AAflOACTGGT ;^CCTGG|GCA GgGTTOgC J^JJ^ SSSJSS 

lltti SSS^ SSSSS^ SJS^ SSSSSJ aooo^aat 

SSx SSSSS? SSat«x^ ^s^SS? ssssss sss^ 

23641 ACACSGCOTAC CCX»3CCAACG TOCCCTACCC ^CT^JW^ ^^SSS SSSSS 
23701 TACCGASAAA AACrmCCTTT GCGATOGCAC CCTTTOO^ SSS^ 
23761 TA1G1X=CA^« OGCX5CACTCA CAGACCTGGG CCAA^CTT CTC^OCCA Jg^JJJgJ 
23621 CGCGCTAGAC ATCACTTTTG AGGTC5GXTCX: CATSGAOOAG JCC^CCTTC TTTAT^TT 
23881 GraiGAAGTC aTlGACOTQG TCCGTCTGCA CCAGCCGCAC OGCG^STCA JJ^^ 

insi 

ssss 

ssssss sss^ 

24301 CGCCATTGCT TCTTCCCCCG ACCGCTGTAT AA^CTGGJA JJ^^f^^ JJJSSSS 
•>A-ici rtftrtftrv'f'ijxc TOCSGCCGCCT GTGGACTATT CIGCTGCATG TTTCTCCACG CCTTTQCCAA 
Ills. A^CAACCC CACC^ g^^S 

.24481 CTCCATCCTT AACAGTCCCC AGGTACAGCC CACCCTGCCT gJJ^g JJSSSSc 
24541 CAGC7TCCTG GAGOGCCACT ^g^J^ JSSKS^ aSSSSS ISJJJaATA 
24601 CACTOOTTT TCTCACTTOA *AAACATGTA ^JJ^JJJ^ tACCCCCCAC CCTTOCCGTC 
24661 AAQGCAAATC TTTTTijTTTG ^C^J^ SSSS TATGCGCCAC IGGCAGGGAC 
24721 TGCGCCGTTT AAAAATCAAA GGGGTTCTGC ^S^rT^rZ «J.»ra.I.rcaT CCGCGGCAGC 
24781 ACCn^GAT ACOOG^ AGTG^ 

24841 TCCGTCAAGT TTTCACTCCA CAGGCTGCG<- ^^Z^IZ^^^ r-rsnnnnTian' GCGATACXCA 
2I9OI GCCGATATCT ItSAAGTCGCA GTT^GGGCCT ^gj^^ SSSS^S SSSSS 
' 24961 GGGTTCCACC ACTGGAACAC TATCAGCGCC GGGTQGTTCA AGTCAACTTT 
25021 TCGGAGATCA GATCCGCGTC C^^^CCTCC ^JJ^^ S^^S^ 

25081 G&Ti^r:^^ ""JS^^ SSSSS SS?S? ACAGOGCCTO CATCAAAGCC 
25141 GGCATCAGAA GGTGACCGTG CCCGGTCTCG V/-M.r'lfcrii«r fSCCGCAAGAC 

2i2Sl riGAlCl^CT TAAA^CAC CTGAGCCTTT gjSSS ^S^SJ 
25261 TIGCCGGAAA ACTGAWGGC ^^J^J SSS^S SScTIGGC CTIGCTAGAC 
25321 TTGGAGATCT GCACCACATT TCGGCCCCAC OGQTTCTTCA ^ .^^^ CACGTGC^C 
25381 IQCTCCTTCA GCGCG^CTG CCCGTTTTCG g^^g^ SStCTC AGCGCAGCGG 
25441 TTATTTATCA TAATGCTCCC GTGTAGACAC JJJJJg^ AGGTTACCTC -rcCAAACGAC 
25501 1GCAGCCACA ACGCGCAGCC CGTGGGCTCG TGGTGCTTGT ^GOTTA^ goIGGTG^^G 
25561 IGCAGGTACG CC^SCAGGAA TCGCCCCATC ^^^^ JScATACGGC CGCCAGAGCT 
25621 GTCAGCTGCA ACCCGCGGTG CTCCTCGTW ^^^^ StTATCCAC GlGGTACrTTC 
25681 TCCACrriGGT CAGGCAGTAG ™AAGTTT G^gJJJ^J CAGACACGAT CGGGAGGOIX: 
25741 TCCATCAACG CGCGCGCAGC CTCCATGCCC TTCTCCCAi-u 
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25801 AGCGGGTTTA TCACCGTGCT Ta>CACTTTCC GCTTCACTOO ACTCTTCCTT TTCCTCTICC 
2S861 GTCCGCATAC CCCX3CX5CCAC TCGGTCGlCT TCATTCAGCC GCCX5CACCGT GCGCTTACCT 
25921 CCCTTGCCGT C5CTTGATTAG CACCX3GTGGG TTGCTGAAAC CCACCATTTG TAGCGCCTU^. 
25981 TCTTCTCTTT CTTCCa?CGCT CTCCACSGATC ACCTCTCCSGG ATCGCGOCSCG CRX5GGCTTC 
2^041 GGAGAGGGGC GCTTCTTTIT CTTTTTCQAC GCAATOOCCA AATCOGCOCfT CGAOOTOOAT 
26X01 GGCCGCGGGC TOGGOXSTOCG COOCACCMC GCATCITCTO ACGAOTCMC TOCGTCCTCG 
261G1 GACTCXSASAC GCCGCCTCAG CCGCTTTTTT GGGGGCGCOC OOGGAGGC06 CSGGOGAOGGC 
26221 GA(DGC3GGUVCG ACACGTCCTC CATGGTTOGT OOACOTCGOG CCX^CACCGCC TCCGOGCaX3G 
26281 CGCSCTGCSTTT OGCGCTCCTC CTCTOCCCGA CTGGCCATTT CCTTCTCCTA rrWSGCAGAAA 
26341 AAC^TCA!DC3G AGTCAGTCGA GAAGGAGGAC AOCCTAACCG CCCCCTTTCA GTTOC5CCACC 
26401 ACCGCCTCCA CCGATGCCGC CAACGCGCCT ACCACCTTCC CCGTCGAGGC ACCCCCGCTT 
26461 GAGGAGGAGG TkAGTCATTAT CGAGCAGGAC CCAGGTTTTG TAAGCGAAGA CGACGAGGAT 
26521 GGCTCAGXAC CAACAGAGGA TAAAAAGCAA GACCAGGACG ACGCAGAGGC AAACGAGGAA 
26581 CAAOIOGGGC GGGGGGACCA AAGGCATGGC GACTACCTAC ATCTCGGAGA CX5ACGTGCTC 
26641 TTGPMSCATC TOGAGCGCCA GTCOGCCATT ATCTGCGACG OGTTOCAAGA CCGCAGCOAT 
26701 GTOCCCCTCG CCATAGCGGA TCTCAGCCTT GCCTACGAAC GCCACCTGTT CTCACCGCGC 
26761 GTACCCCCCA AACGCCAAGA AAAOGGCACA TGCGAGCCCA A CCCGCQ CCT CAACTTCTAC 
26821 CCCGTATTIG CCGTGCCAGA GGTGCTTGCC ACCTAn>CACA TCTTTTTCCA AAACTSCAAG 
268&1 ATACCCCTAT GCTCCCGTOC CAACCGCAGC CGAGCGGACA AGCAGCTCGC CKCCGGCAG 
26941 GGOGCTGTCA TACCTCATAT CGCCTCGCTC GACGAAGIGC CAAAAATCTT TOAGGGICTT 
270.01 GGACGCGACG AGAAAOGGGC GGCAAACGCT CTGCAACAAG AAAACAGCGA AAATOAAAGT 
27061 GACTOTOGAG TGCTGGTGGA ACTTOAGGGT GACAACGCGC GCCTAGCOGT GCTGAAAOGC 
27121 AGCATCGAGG TCACCCACTT TGCCTACCCG GCACTIAACC TACCCCCCAA CGTTA^^GAGC 
• 27181 ACAGTCATCA GCGAGCTCAT CGTGCX3CCGT GCACGACOCC TGGAGAGGGA TGCAAACTIXS 
27241 CAAGAACAAA CCGAGGAGGG CCTACCCGCA GTTGGCGAIG AGCAGCTCGC GCGCTGGCTT 
27301 GAGACGCGCG AGCCTGCCGA CTTGGAGGAG CGAOGCAAGC TAATGATGGC CGCAGTCCTT 
27361 GTTACCGOGG AGCTTGAGTC CATCCAGCGG TTCTITGCTG ACCCQGAGAT GCAGCGCAAG 
27421 CTAGAGGAAA CGTTCCACTA CACCTTTCGC CAGGGCTACG TGCGC CAGGC CTGCAAAATT 
27481 TCCAACGTCG AGCTCTOCAA CCTGGTCTCC TACCTTCGAA TTTTGCACGA AAACCGCCTC 
27541 GGGCAAAACG TCCTTCATTC CACGCTCAAG GGCGAGGOGC GCCGCGACTA GGTCCGCGAC 
27601 TCCGlTrACT TATTTCTCTG CTACACCTGG CAAACGGCCA TGGGCGTGTG GCAGCAATCC 
27661 CTGGAGGAGC GCAACCTAAA GGAGCTCCAG AAGCTGCTAA AGCAAAACIT GAAGGACCTA 
27721 TCGACGGCCT TCAACGAGCG CTCCGTGGCC GCGCACCTGG CGGACATTAT CTTCCCOGAA 
27781 CGCCTOCTTA AAACCCTGCA ACAGGGTCTG CCAGACTTCA CCAGTCAAAG CATGTTGCAA 
27841 AACTTTAGGA ACTTTATCCT AGAGCGITCA GGAATTCTGC CCQCCACCTC CTGTGCGCTT 
27901 CCTAGCGACT TTGTGCCCAT TAAGTACCGT GAATGCCCTC CGCCGCTTTG GGGTCACTCC 
27961 TACCTTCTCC AGCTAGCCAA CTACCTGXXrC TACCACTCCG ACATCATCGA AGACGTGAGC 
28021 GGTGACGGCC TACTGGAGTC TCACTGTCGC TGCAACCTAT GCACCCCGCA CCGCTCCCTG 
28081 GTCTGCAATT CGCAACTCCT TAGCGAAAGT CAAATTATOG GTACCTTTGA GCTCCAGGGT 
28141 CCCTCGCCTC ACGAAAAGTC CGCGGCTCCG GGGTTCAAAC TCACTCCGGG GCTCTGGACG 
28201 TCCGCTTACC TTCGCAAATT TGTACCTGAG GACTACCACG CCCACGAGAT TAGGTTCTAC 
28261 GAAGACCAAT CCCGCCCGCC AAATGCGGAG CTTACCGCCT GOGTCATTAC CCAGGGCCAC 
28321 ATCCTTGGCC AATTGCAAGC CATCAACAAA GCCCGCCAAO AGTTTCTGCT ACGAAAGGGA 
28381 CGGGGGGTTT ACCTGGACCC CCAGTCCGGC GAOGAGCTCA ACCCAATCCC CCCGCCGCCG 
28441 CAGCCCTATC AGCAGCCGCG GGCCCTTGCT TCCCAGGATC GCACCCAAAA AGAAGCTGCA 
28501 GCTGCCGCCG CCGCCACCCA CGGACGAGGA GGAATACTGG GACAGTCAGG CAGAGGAGGT 
28561 TTTGGACGAG GAGGAGGAGA TGATGGAAGA CTGGGKCJ^ CTAGACGAAG CTTCCGAGGC 
28621 CGAAGAGGTG TCAGACGAAA CACCGTCACC CTCGGTCGCA TTCCCCTCGC CGGCGCCCCA 
28681 GAAATTCGCA ACOGTTCCCA GCATOGCTAC AACCTCCGCT CCTCAGGCGC CGCCGGCACT 
28741 GCCTGTTCGC CGACCCAACC GTAGATOGGA CACCACTOGA ACCAGGGCCG GTAAGTCTAA 
28801 GCAGCCGCCG CCGTTAGCCC AAGAGCAACA ACAGCGqCAA GGCTACCGCT CGTGGCGCGG 
28861 GCACAAGAAC GCCATAGTTG CTTGCTTGCA AGACTGTGGG GGCAACATCT CCTTCGCCCO 
28921 CCGCTTTCTT CTCTACCATC ACGGCGTGGC CTTCCCCCGT AACATCCTOC ATTACTACCG 
28981 TCATCTCTAC AGCCCCTACT GCACCGGCGG CAGCGGGAGC GGC AGCAACA GCAGCGGTCA 
29041 CACAGAAGCA AAGGCGACCG GATAGCAAGA CTCTGACAAA GCCCAAGAAA TCCACAGCGG 
29101 CGGCAGCAGC AGGAGGAGGA GCGCTGCGTC TGGCGCCCAA CGAACCCGTA TCGACCCGCG 
29161 AGCTTAGAAA TAGGATTTTT CCCACTCTGT ATGCTATATT TCAACAAAGC AGGGGCCAAG 
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29221 AACAAGAGCT GJ^AAATAAAA AXCAGSTCTC TCCGCTCCCT CXCCCGCAGC TCCCTCTATC 
29281 ACAAAAGOQA AGATCMSCTT CGGOGCAOGC TOGAAGACGC GGAC3GCTCTC Ta>CAGCAAAT 
29341 ACTOOGCQCT GACTCTTAJWS GMaEAeTTTC GCGCCCTrrC TCAAATTTAA GCGCGAAAAC 
29401 TACQTCATCT CCAGOGCSCCA CACCOSGCGC CAGCACCTOT CGTCAGCGCC A^ATCAGCA 
29461 Ai3GAAATIX:C CACGCCCTAC ATCTOCaCTT ACCAQCCACA AATGGGACTT GOGGCTSGAG 
29521 CTCCCCAAGA CTACTCAACC CGAATAAACT ACATCAfiCGC OOGACCCCAC ATO^TTCC 
•29581 GCK3TCAACGG AATCCGCXSCC CACCGAAACC GAATTCTCCT CGAACAGGCG GCTATTACCA 
29641 CCACACGTCO TAATAACCTT AATCCCCGTA GTTGGCCCGC TGCCCTOGTG TAOCAGGAAA 
29701 CXCOCGCICC CACCACTCTC GTACTTCCCA GAGACGCCCA GGCCGAAGTT CAGATGACTA 
29761 ACTCAC3GGGC GCAGCTTCCG GaCGGCTTTC GTCACAGGGT GCGGTCGCCC GGGCAGGGTA 
29821 TAACTCACCT GAAAATCAOA GGGCGftfiGTA VTCAGCTCMl CGACX5AGTCG GTCAGCTCCT 
29881 CTCTOXSGTCCr CCGTCCGGAC GGGACATXTC AGATCGGCGG OGCTCGCCGC TCTTCATTTA 
29941 CGCCCCGTCA GGCGATCCTA ACTCTOCWSA CCTCCTCCTC «^CCOGCGC TCCGGAGOCA 
30001 rrTCGAACTCT ACAATTTATT GAGGAGTTCG TCCCTTCGGT TTACTTCAaC CCCx-±-^j^ 
30061 GACCTCCCGG CCACTACCCG GACCAGTTTA TTCCCAACTT TGAOGCGOTG AAAGACTCOG 
30121 CGGAOOGCTA CGACTCAATC ACCAGTCGAG AGGCAGAGCG ACTOCGCCTG ACACACCtCG 
30181 -ACCACTGCCG CCGCCACAAG 1GCTT«SCCC GCGGCTCCGG TGAGMTT^ TACTTTGAAT 
30241 TOCrCCGAAGA GCATATCGAG GOCCCOGCGC ACGGCGTCCG GCTCACCACC CAGGTAGAGC 
llftl SSSJ^G SSSaSSg GAGOrPTACCA AGCGCCC^ ^^^t SSJJSS 
30361 GTCCCTCOOT TCTGACCGTC GTTTCCAACT GTCCTAACCC TGGATTACAT CAAGATCTTT 
30421 GTTGTCArKrr CIXSTCCTCAG TATAATAAAT ACAGAAATTA 6AATCTACTC GG^CTCCTCT 
30481 CGCGATCCTC TGAACGCCAC CGrTTTTACC CACCCAAAGC AGACCAAAGG AAA^^TCACC 
30S41 TCCX3GTITCC ACAAGCGGGC CAATAAGTAC crTACCTGGT ACTTTAACGG CTCTTCATOT 
30601 GTAAmACA ACAGTTOCCA GCGAGACGAA GTAAGOTTOC CACACAACCT TCTCGGCTTC 
30661 AACTACACCG TCAAGAAAAA CACCACCACC ACCACCCTCC TCACCTGC^ GGAACOTACG 
30721 AQTCCGICAC CGGTTCCTCC GCCCACACCT ACAGCCTCAG CGTAACCAGA CATTACTCCC 
30781 ATWrrrcCAA AACAGGAGGT GAGCTCAACT CCCGGAACTC A^TCAAAAA AGCATTTTGC 
30841 GGGGTCCTCG GATTTOTTAA TTAAGTATAT GAGCAATTCA AGTAACTCTA CAAGCTTGTC 
3O901 TAATTITTCT GGAATTOGGG ICGGGGTTAT CCrrTACTCTT GTAATTCTGT TTATTCTTAT 

30961 c^T^ccrrrA gggwoccgc ctcctgcacg cac^tttgta cctattgtca 

31021 gctttttaaa cgctcggggc AACATCCAAG ATGAGGTACA TCAOTTTAGG ctogctcgcc 
31081 CTXQCGGCAG -TCTCCAGCGC TGCCAAAAAG GTTCAGTrTA AGGAACCAGC ^CAATOTT 
31141 ACATTTAAAT CAGAAGCTAA TGAATGCACT ACTCTTATAA AATOCACCAC AOAACMteAA 
31201 AAGCTTATTA TTCGCCACAA AGACAAAATT GGCAAGTATC CTGTATATCC TAT^GGCAG 
31261 CCAGGTCACA CTAACGACTA TAATGTCACA GTCTTCCAAG GTGAAAATCG TAAAACTOTT 
31321 ATCTATAAAT TTCCAlTrTA TCAAATGTOC GATATTACCA TCTACATGAG CAAACAGTAC 
31381 AAGTIGIXXSC CCCCACAAAA GTCTTTAGAG AACACTGGCA CCTTTTGTTC CACCGCTCTG 

31441. crrrA-rrACAG cGCTTxserra ggtatgtacc ttactttatc tcaaatacaa aagcagacgc 

31501 AGTrrTATTG ATCAAAAGAA AATGCCTTGA TTTTCCGCTT GCTIXSTATTC C^TGGACAA 
31561 rtTTACTCTAT GTGGGATATC CTCCAGGCGG GCAAGATTAT ACCCACAACC TTCAAATCAA 
31I2I ACTTtStoG ACGTTAGCGC CTOATTrCTG CCAGCGCCTG CACTOCAAAT TTGATCAAAC 
3^681 SSSSSg cttgScigct CCAGAGATCA CCGGCTCAAC CATCGCGCCC ACAACGGACT 
^^SaSS SotSSaCC GGACTAACAT crcCCCTAAA TTTACCCCAA GTTCATCCCT 
IVstl ^^^^ SSS^ ??^CA1GT GGTCGirm: CATAGCGCTO XIGTrVGTrr 
mil S?GTG^ ATTIOTGCC TAAAGCGCAG ACGCGCCAGA CCCCCCATCT 

lltll SSSSi? SSSSSc AACCCACACA ATGAAAAAAT TCATAGMTG JJCGGTCTGA 
31981 AACCATCTTC ICTTCWra-A CAGTAIGATT AAATGAGACA TGATTCCTCG AGTTCTTATA 
320" TTCTTGCGCT TTTC^TCCG 1X5CTCTACAT TGGCCGCGGT CGCTCACATC 

32101 GAAgS^S GCATCCCACC IT^CAGrr TACCTGCrrrr acggatttot cacccttatc 
32161 CT^^CTOCA GCCTCGTCAC •TOTAGTCA'TC GCCTTCArTC AGTTCATTGA CTGGGTTTGT 

lllll SS^^SS SScCTCAG gcacx:atccx3 caatacagag acaggactat agctgatctt 

32281 ?SSStTC TTTAATtSg AAACGGAGTC TCATriTTGT TTTGCTGATT TTTTGCGCCC 

lliA SSSgtSct SStcccS acctcagcgc ctcccaaaag acatatttcc igcagattca 

32401 SSSSS SSSSS??? AGCX^A JCAAACAGAG ^^JJJ SSSSS 
TATACGCCAT CATCTCTGTC ATGGTITTTT GCAGTACCAT TTTTGCCCTA GCCATATATC 
3212^ ?a?S??SSa S?SS?QG AAO^CATAG ATGCCATGAA ^ACCCTACT JTCCCAGTOC 
32581 CCGCTCTCAT ACCACTGCAA CAGGrTATTC CCCCXA-rCAA TCAGCCTCGC CCCCCTTCTC 
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3264X CCACCCCCAC TGAGATTAGC TACTTTAATT TCACAGGTOa AGATCACTCA ATCTCYAGAT 
3270X CTAOAATTOG ATCGAATTAA CACCX3AACAG CXSCCTACTAG AAAGGCCCAA GGCGGOGTCC 
32761 OAISCGAGAAC GCCT7kA2ACA AGAACTTGAA GACATCGTTA ACCTACACCA GTCTAAAT^A 
32821 GX3TATCTTTT GTCTCGTCAA CCACGGCAAA CTTACCTAOG AAAAAACCAC TASoOGCAAC 
32fiai CGCCTCAGCT ACAAGCTACC CACCCAGCGC CAAAAACTCC TGCTTATCGT GGGAGAAAAA 
32941 CCTATCACCG TCACCCAGCA CTCGGCAGAA ACAGAGGGCT GCCTGCACTT CX:CCTATCAG 
33 DDI GGTCCAGAGG ACCTCTGCAC TCTTATTAAA ACCATGTCTC GTATTAGAGA TCT TATT CCA 
33061 TTCAACTAAC ATAAACACAC AATAAATTAC TTACTTAAAA TCAGTCAGCA AATCTTTGTC 
33121 CAGCTTATTC AGCAOCACCT CCTOTCCTTC CTCCCAACTC TGCTATCTCA GCCGCCTTTT 
33.181 AGCTGCAAAC TITCTCCAAA GTTIIAAATaG GATGTCAAAT TCCTCATCTT CTTGTCC CTC 
33241 CGCACCCACT ATCTTCATAT TtSTTOCAGAT GAAACGCGCC AGACOGTCTC AAGACACCTT 
33301 CAACCCCGOG TATCCATATG ACACAGAAAC CGGGCCTCCA ACTGTC CCCT TTCTTACCCC 
33361 TCCATTTCTT TCACCCAAOXS GnTTCCAAGA AAGTCCCCCT GGAGTTCICT CTCTAOGOGT 
33421 CTCCX3AACCT TTGGACACCT CCCACGGCAT GCTTGCGCTT AAAATGGGCA GCGGTCTTAC 
33481 CCTAGAGAAG GCCGGAAACC TCACCTCCCA AAATCTAACC ACTGTTACTC AGCCACTTAA 
33541 AAA/OICAAAG TCAAACATAA GTTTOGACAC CTCCGCACCA CTTACAATTA CCTCAGGCCC 
33501 CCTAACAGTG GCAACCACCG CTCCTCTGAT AGTTACTAfiC GGCGCTCTTA GCGTACAGTC 
33661 ACAAGCCCX» CTGACCCfTGC AAGACTCCAA ACTAAGCATT GCTACTAAAG CGCCCATTAC 
33721 AGTCTCAGAT GGAAAGCTAG CCCTOCAAAC ATCAGCCCCC CTCTCTGGCA GTGACAGCGA 
3 37 SI CACCCTTACT GTAACTGCAT CACCCCOGCT AACTACTGCC ACGOGTAGCT TOGGCATTAA 
33S41 CATGGAAGAT CCTATTTATG TAAATAATGG AAAAATAGGA ATTAAAATAA GCGGTCCTTT 
33901 GCAAGTAGCA CAAAACTCCG ATACACTAAC AGTAGTTACT GGACCAGGTG TCACCGTTGA 
33961 ACAAAACTCC CTTAGAACCA AAGTIGCAGG AGCTATTGGT TATGATTCAT CAAACAACAT 
34021 GGAAATTAAA ACGGGCGGTC GCATGCGTAT AAATAACAAC OTGTTAATTC TAGATGTGGA 
34081 ^ACCCATTT GATCCTCAAA CAAAACTACG TCTTAAACTC GGGCAGQ GAC GCCTGTATAT 
34141 TAATCCATCT CATAACTTGG ACATAAACTA TAACAGAGGC CTATACCTTT TTM^GCATC 
34201 AAACAATACT AATlAAACTOG AAGTTAGCAT AAAAAAATCC AGTGGACTAA AGTTTGATAA 
34261 TACTGCCATA GCTATAAATG CAGOAAAGGG TCTGGAGTTT GATACAAACA CATCTGAGTC 
34321 TCCAGATATC AACCCAATAA AAACTAAAAT TCGCTCTGGC ATTGATTACA ATGAAAACGG 
34381 ^GCCATGATT ACTAAACTTC GAGCGGGTTT AAGCTTTCAC AACTCAGGGG CCATTACAAT 
34441 AGGAAACAAA AATCATCACA AACTTACCCT GTGGACAACC CCAGACCCAT CTCCTAACTG 
34S01 CAGAATTCAT TCAGATAATG ACTGCAAAIT TACTTTGGTT eTTACAAAAT GTGGGAGTCA 
34561 AGTACTAGCT ACTGTAGCTG CTrTGGCTGT ATCTCGAGAT CTTTCATCCA TCACAGGCAC 
34621 CGTTGCAAGT GrTAGTATAT TCCTTAGATT TGACCAAAAC GGTCTTCTAA TGGAGAACTC 
34681 CTCACTTAAA AAACATTACT GGAACTTTAG AAATGGGAAC TCAACTAATG CTlAATCCATA 
34741 CACAAATGCA GrTGCATTTA TGCCTAACCT TCTAGCCTAT CCAAAAACCC AAAGTCAAAC 
34801 TGCTAAAAAT AACAO^rGTCA GTCAAGTTTA CTTGCATGGT GATAAAACTA AACCTATGAT 
34861 ACOTACCATT ACACOTAATG GCACTAGIGA ATCCACAGAA ACTAGCGAGG TAAGCA CTTTA 
34921 CTCTATGTCT TTTACATGGT CCTGGGAAAG TGGAAAATAC ACCACTGAAA CTTTTGCTAC 
34981 CAACTCTTAC ACeTTCTCCT ACATTCCCCA GGAATAAAGA ATCCTGAACC TGTTGCATOT 
35041 TATGTTTCAA CGTGGGKTCC TTTATTATAG GGGAAGTCCA CGCCTACATG GGGGTAGAGT 
3S101 CATAATCGTG CATCAGGATA GGOCGGTGGT GCTGCAGCAG CGCGCGAATA AACTGCTGCC 
35161 GCCGCOGCTC CGTCCTGCAG GAATACAACA TCGCAGIGGT CTCCTCAGCG ATGATTCGCA 
35221 CCGCCCGCAG CATGAGACGC CTTGTCCTCC GGGCACAGCA GCGCACCCTG ATCTCACTTA 
' 35281 AATCAGCACA GTAACTOCAG CACAGCACCA CAATATTGTT CAAAATCCCA CAGTGCAAGG 
35341 CGCTGTATCC AAAGCTCATG GCGGGGACCX CAGAACCCAC GTGGCCATCA TACCACAAGC 
3S401 GCAGGTAGAT TAAGTCGCGA CCCCTC2ATAA ACACGCTGGA CATAAACATT ACCTerTTTG 
35461 GCATGTTGTA ATTCACCACC TCCCGGTACC ATATAAACCT CTGATTAAAC ATGGCGCCAT 
35521 CCACCACCAT CCTAAACCAG CTGGCCAAAA CCTGCCCGCC GOCTATGCAC TCCAGGCAAC 
35581 CGGGACTGGA ACAATGACAG TCGAGAGCCC AGGACTCGTA ACCATGOATC ATCATGCTCG 
35641 TCATGATATC AATGTTGGCA CAACACAGGC ACACGTGCAT ACACTTCCTC AGGATTACAA 
35701 GCTCCTCCCG CGTCAOAACC ATATCCCAGG GAACAACCCA TTCCTGAATC AGCGTAAATC 
35761 CCACACTGCA GGGAAGACCT CGCACGTAAC TCACGTTGTC CATTCTCAAA GTG^-TACATT 
35821 CGGGCAGCAG CGGATCATCC TCCAGTATGG TAGCGCGGGT CTCTGTCTCA AAAGGAGGTA 
35881 GGCGATCCCT ACTCTACGGA GTGCGCCGAG ACAACCGAGA TCGTCTTGGT CGTAGTCTCA 
35941 TGCCAAATGG AACGCCGGAG GTAGTCATAT TTCATCGACA CGGCACCAGC TCAATCAGTC 
36001" ACAGTCTAAA AAGGGCCAAG TACAGAGCGA GTATATATAG GACTAAAAAA TGACGTAACG 
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36061 <5TTAAAGTCC ACAAAAAACA CCCAGAAAAC CCCACGOGAA CCTACGCCCA GAAACGAAAG 
36121 CCAAAAAACC CACAACOTCC TCAAATCTOX: ACTTCCGTTT TCCCACGATA COTCACTTCC 
36181 CATTITAAAA AAACTACAAT TCCCAATACA TCCAAGITAC TCOGCCCTAA AACCTACGTC 
36241 ACXiCGCCCCG TTCCCACGCC CCGCGCCACG TCACAAACTC CACXTCCCTCA TTftTCATATT 
36301 GGCTTCAATC CAAAATAAGG TATATTATGA TCATC 
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SEQUENCE LISTING 



(1) GENERAL, INFORMATION: 

(i) APPLICANTS: Gregory, R.J., Armentano, D. , Couture, L.A. , Smith, 
A.E. 

(ii) TITLE OF INVENTION: GENE THERAPY FOR CYSTIC FIBROSIS 



(iii) NUMBER OF SEQUENCES: 9 



(iv) CORRESPONDENCE ADDRESS: 

15 (A) ADDRESSEE: LAHIVE & COCKFIELD 

(B) STREET: 60 STATE STREET, SUITE 510 

(C) CITY: BOSTON 

(D) STATE: MASSACHUSETTS 

(E) COUNTRY: USA 
20 (F) ZIP: 02109 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

25 (C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: ASCII 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 
30 (B) FILING DATE: 02-DEC-1993 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 07/985,478 
35 (B) FILING DATE: 02-DEC-1992 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Hanley, Elizabeth A. 
40 (B) REGISTRATION NUMBER: 33,505 

(C) REFERENCE /DOCKET NUMBER: NZI-014CP2PC 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: (617) 227-7400 
45 (B) TELEFAX: (617) 227-5941 



(2) INFORMATION FOR SEQ ID NO : 1 : 

50 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 612 9 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 



(ii) MOLECULE TYPE: cDNA 
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(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 133.. 4572 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 



AATTGGAAGC AAATGACATC ACAGCAGGTC AGAGAAAAAG GGTTGAGCGG CAGGCACCCA 60 
GAGTAGTAGG TCTTTGGCAT TAGGAGCTTG AGCCCAGACG GCCCTAGCAG GGACCCCAGC 12 0 



GCCCGAGAGA CC ATG CAG AGG TCG CCT CTG GAA AAG GCC AGC GTT GTC 168 
Met Gin Arg Ser Pro Leu Glu Lys Ala Ser Val Val 
15 15 10 



TCC AAA CTT TTT TTC AGC TGG ACC AGA CCA ATT TTG AGG AAA GGA TAC 216 
Ser Lys Leu Phe Phe Ser Trp Thr Arg Pro lie Leu Arg Lys Gly Tyr 
15 20 25 

AGA CAG CGC CTG GAA TTG TCA GAC ATA TAC CAA ATC CCT TCT GTT GAT 264 
Arg Gin Arg Leu Glu Leu Ser Asp lie Tyr Gin lie Pro Ser Val Asp 
30 35 40 

25 TCT GCT GAC AAT CTA TCT GAA AAA TTG GAA AGA GAA TGG GAT AGA GAG 312 
Ser Ala Asp Asn Leu Ser Glu Lys Leu Glu Arg Glu Trp Asp Arg Glu 
45 50 55 60 

CTG GCT TCA AAG AAA AAT CCT AAA CTC ATT AAT GCC CTT CGG CGA TGT 360 
30 Leu Ala Ser Lys Lys Asn Pro Lys Leu lie Asn Ala Leu Arg Arg Cys 

65 70 75 

TTT TTC TGG AGA TTT ATG TTC TAT GGA ATC TTT TTA TAT TTA GGG GAA 408 
Phe Phe Trp Arg Phe Met Phe Tyr Gly lie Phe Leu Tyr Leu Gly Glu 
35 80 85 90 

GTC ACC AAA GCA GTA CAG CCT CTC TTA CTG GGA AGA ATC ATA GCT TCC 456 

Val Thr Lys Ala Val Gin Pro Leu Leu Leu Gly Arg lie lie Ala Ser 
95 100 105 

40 

TAT GAC CCG GAT AAC AAG GAG GAA CGC TCT ATC GCG ATT TAT CTA GGC 504 

Tyr Asp Pro Asp Asn Lys Glu Glu Arg Ser lie Ala lie Tyr Leu Gly 
110 115 120 

45 ATA GGC TTA TGC CTT CTC TTT ATT GTG AGG ACA CTG CTC CTA CAC CCA 552 
lie Gly Leu Cys Leu Leu Phe lie Val Arg Thr Leu Leu Leu His Pro 
125 130 135 140 

GCC ATT TTT GGC CTT CAT CAC ATT GGA ATG CAG ATG AGA ATA GCT ATG 600 
50 Ala lie Phe Gly Leu His His lie Gly Met Gin Met Arg lie Ala Met 

145 150 155 

TTT AGT TTG ATT TAT AAG AAG ACT TTA AAG CTG TCA AGC CGT GTT CTA 648 
Phe Ser Leu lie Tyr Lys Lys Thr Leu Lys Leu Ser Ser Arg Val Leu 
55 160 165 170 
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GAT AAA ATA AGT ATT GGA CAA CTT GTT AGT CTC CTT TCC AAC AAC CTG 696 

Asp Lys lie Ser lie Gly Gin Leu Val Ser Leu Leu Ser Asn Asn Leu 
175 180 185 

5 

AAC AAA TTT GAT GAA GGA CTT GCA TTG GCA CAT TTC GTG TGG ATC GCT 744 

Asn Lys Phe Asp Glu Gly Leu Ala Leu Ala His Phe Val Trp lie Ala 

190 195 200 

10 CCT TTG CAA GTG GCA CTC CTC ATG GGG CTA ATC TGG GAG TTG TTA CAG 792 
Pro Leu Gin Val Ala Leu Leu Met Gly Leu lie Trp Glu Leu Leu Gin 
205 210 215 220 

GCG TCT GCC TTC TGT GGA CTT GGT TTC CTG ATA GTC CTT GCC CTT TTT 840 
15 Ala Ser Ala Phe Cys Gly Leu Gly Phe Leu lie Val Leu Ala Leu Phe 

225 230 235 

CAG GCT GGG CTA GGG AGA ATG ATG ATG AAG TAC AGA GAT CAG AGA GCT 888 
Gin Ala Gly Leu Gly Arg Met Met Met Lys Tyr Arg Asp Gin Arg Ala 
20 240 245 250 

GGG AAG ATC AGT GAA AGA CTT GTG ATT ACC TCA GAA ATG ATT GAA AAT 936 
Gly Lys lie Ser Glu Arg Leu Val He Thr Ser Glu Met He Glu Asn 
255 260 265 

25 

ATC CAA TCT GTT AAG GCA TAC TGC TGG GAA GAA GCA ATG GAA AAA ATG 984 
He Gin Ser Val Lys Ala Tyr Cys Trp Glu Glu Ala Met Glu Lys Met 
270 275 280 

30 ATT GAA AAC TTA AGA CAA ACA GAA CTG AAA CTG ACT CGG AAG GCA GCC 1032 
He Glu Asn Leu Arg Gin Thr Glu Leu Lys Leu Thr Arg Lys Ala Ala 
285 290 295 300 

TAT GTG AGA TAC TTC AAT AGC TCA GCC TTC TTC TTC TCA GGG TTC TTT 108 0 

35 Tyr Val Arg Tyr Phe Asn Ser Ser Ala Phe Phe Phe Ser Gly Phe Phe 

305 310 315 

GTG GTG TTT TTA TCT GTG CTT CCC TAT GCA CTA ATC AAA GGA ATC ATC 1128 
Val Val Phe Leu Ser Val Leu Pro Tyr Ala Leu He Lys Gly He He 
40 320 325 330 

CTC CGG AAA ATA TTC ACC ACC ATC TCA TTC TGC ATT GTT CTG CGC ATG 1176 
Leu Arg Lys He Phe Thr Thr He Ser Phe Cys He Val Leu Arg Met 
335 340 345 

45 

GCG GTC ACT CGG CAA TTT CCC TGG GCT GTA CAA ACA TGG TAT GAC TCT 1224 
Ala Val Thr Arg Gin Phe Pro Trp Ala Val Gin Thr Trp Tyr Asp Ser 
350 355 360 

50 CTT GGA GCA ATA AAC AAA ATA CAG GAT TTC TTA C7^ AAG CAA GAA TAT 1272 
Leu Gly Ala He Asn Lys He Gin Asp Phe Leu Gin Lys Gin Glu Tyr 
365 370 375 380 

AAG ACA TTG GAA TAT AAC TTA ACG ACT ACA GAA GTA GTG ATG GAG AAT 132 0 

55 Lys Thr Leu Glu Tyr Asn Leu Thr Thr Thr Glu Val Val Met Glu Asn 

385 390 395 
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GTA ACA GCC TTC TGG GAG GAG GGA TTT GGG GAA TTA TTT GAG AAA GCA 13 6 8 

Val Thr Ala Ph.e Trp Glu Glu Gly Phe Gly Glu Leu Phe Glu Lys Ala 
400 405 410 

5 

AAA CAA AAC AAT AAC AAT AGA AAA ACT TCT AAT GGT GAT GAG AGC CTC 1416 
Lys Gin Asn Asn Asn Asn Arg Lys Thr Ser Asn Gly Asp Asp Ser Leu 
415 420 425 

10 TTC TTC AGT AAT TTC TCA CTT CTT GGT ACT CCT GTC CTG AAA GAT ATT 1464 
Phe Phe Ser Asn Phe Ser Leu Leu Gly Thr Pro Val Leu Lys Asp lie 
430 435 440 

AAT TTC AAG ATA GAA AGA GGA CAG TTG TTG GCG GTT GCT GGA TCC ACT 1512 
15 Asn Phe Lys lie Glu Arg Gly Gin Leu Leu Ala Val Ala Gly Ser Thr 
445 450 455 460 

GGA GCA GGC AAG ACT TCA CTT CTA ATG ATG ATT ATG GGA GAA CTG GAG 1560 
Gly Ala Gly Lys Thr Ser Leu Leu Met Met lie Met Gly Glu Leu Glu 
20 465 470 475 

CCT TCA GAG GGT AAA ATT AAG CAC AGT GGA AGA ATT TCA TTC TGT TCT 1608 
Pro Ser Glu Gly Lys lie Lys His Ser Gly Arg lie Ser Phe Cys Ser 
480 485 490 

25 

CAG TTT TCC TGG ATT ATG CCT GGC ACC ATT AAA GAA AAT ATC ATC TTT 1656 
Gin Phe Ser Trp lie Met Pro Gly Thr He Lys Glu Asn He He Phe 
495 500 505 

30 GGT GTT TCC TAT GAT GAA TAT AGA TAC AGA AGC GTC ATC AAA GCA TGC 1704 
Gly Val Ser Tyr Asp Glu Tyr Arg Tyr Arg Ser Val He Lys Ala Cys 
510 515 520 

CAA CTA GAA GAG GAC ATC TCC AAG TTT GCA GAG AAA GAC AAT ATA GTT 1752 
35 Gin Leu Glu Glu Asp He Ser Lys Phe Ala Glu Lys Asp Asn He Val 
525 530 535 540 

CTT GGA GAA GGT GGA ATC ACA CTG AGT GGA GGT CAA CGA GCA AGA ATT 1800 
Leu Gly Glu Gly Gly He Thr Leu Ser Gly Gly Gin Arg Ala Arg He 
40 545 550 555 

TCT TTA GCA AGA GCA GTA TAC AAA GAT GCT GAT TTG TAT TTA TTA GAC 1848 

Ser Leu Ala Arg Ala Val Tyr Lys Asp Ala Asp Leu Tyr Leu Leu Asp 
560 565 570 

45 

TCT CCT TTT GGA TAC CTA GAT GTT TTA ACA GAA AAA GAA ATA TTT GAA 1896 

Ser Pro Phe Gly Tyr Leu Asp Val Leu Thr Glu Lys Glu He Phe Glu 
575 580 585 

50 AGC TGT GTC TGT AAA CTG ATG GCT AAC AAA ACT AGG ATT TTG GTC ACT 1944 
Ser Cys Val Cys Lys Leu Met Ala Asn Lys Thr Arg He Leu Val Thr 
590 595 600 

TCT AAA ATG GAA CAT TTA AAG AAA GCT GAC AAA ATA TTA ATT TTG CAT 1992 
55 Ser Lys Met Glu His Leu Lys Lys Ala Asp Lys He Leti He Leu His 
605 610 615 620 
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GAA GGT AGC AGC TAT TTT TAT GGG ACA TTT TCA GAA CTC CAA AAT CTA 2 04 0 

Glu Gly Ser Ser Tyr Phe Tyr Gly Thr Phe Ser Glu Leu Gin Asn Leu 
625 630 635 

5 

GAG CCA GAC TTT AGC TCA AAA CTC ATG GGA TGT GAT TCT TTC GAC CAA 2 088 

Gin Pro Asp Phe Ser Ser Lys Leu Met Gly Cys Asp Ser Phe Asp Gin 
640 645 650 

10 TTT AGT GCA GAA AGA AGA AAT TCA ATC CTA ACT GAG ACC TTA CAC CGT 2136 
Phe Ser Ala Glu Arg Arg Asn Ser lie Leu Thr Glu Thr Leu His Arg 
655 660 665 

TTC TCA TTA GAA GGA GAT GCT CCT GTC TCC TGG ACA GAA ACA AAA AAA 2184 
15 Phe Ser Leu Glu Gly Asp Ala Pro Val Ser Trp Thr Glu Thr Lys Lys 
670 675 680 

CAA TCT TTT AAA CAG ACT GGA GAG TTT GGG GAA AAA AGG AAG AAT TCT 2232 
Gin Ser Phe Lys Gin Thr Gly Glu Phe Gly Glu Lys Arg Lys Asn Ser 
20 685 690 695 700 

ATT CTC AAT CCA ATC AAC TCT ATA CGA AAA TTT TCC ATT GTG CAA AAG 2280 
lie Leu Asn Pro lie Asn Ser lie Arg Lys Phe Ser lie Val Gin Lys 
705 710 715 

25 

ACT CCC TTA CAA ATG AAT GGC ATC GAA GAG GAT TCT GAT GAG CCT TTA 2328 
Thr Pro Leu Gin Met Asn Gly lie Glu Glu Asp Ser Asp Glu Pro Leu 
720 725 730 

30 GAG AGA AGG CTG TCC TTA GTA CCA GAT TCT GAG CAG GGA GAG GCG ATA 23 76 

Glu Arg Arg Leu Ser Leu Val Pro Asp Ser Glu Gin Gly Glu Ala He 
735 740 745 

CTG CCT CGC ATC AGC GTG ATC AGC ACT GGC CCC ACG CTT CAG GCA CGA 2424 
35 Leu Pro Arg He Ser Val He Ser Thr Gly Pro Thr Leu Gin Ala Arg 
750 755 760 

AGG AGG CAG TCT GTC CTG AAC CTG ATG ACA CAC TCA GTT AAC CAA GGT 2472 
Arg Arg Gin Ser Val Leu Asn Leu Met Thr His Ser Val Asn Gin Gly 
40 765 770 775 780 

CAG AAC ATT CAC CGA AAG ACA ACA GCA TCC ACA CGA AAA GTG TCA CTG 2 52 0 

Gin Asn He His Arg Lys Thr Thr Ala Ser Thr Arg Lys Val Ser Leu 
785 790 795 



45 



GCC CCT CAG GCA AAC TTG ACT GAA CTG GAT ATA TAT TCA AGA AGG TTA 2568 
Ala Pro Gin Ala Asn Leu Thr Glu Leu Asp He Tyr Ser Arg Arg Leu 
800 805 810 



50 TCT CAA GAA ACT GGC TTG GAA ATA AGT GAA GAA ATT 7VAC GAA GAA GAC 2616 
Ser Gin Glu Thr Gly Leu Glu He Ser Glu Glu He Asn Glu Glu Asp 
815 820 825 

TTA AAG GAG TGC CTT TTT GAT GAT ATG GAG AGC ATA CCA GCA GTG ACT 2664 
55 Leu Lys Glu Cys Leu Phe Asp Asp Met Glu Ser He Pro Ala Val Thr 
830 835 840 
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ACA TGG AAC ACA TAG CTT CGA TAT ATT ACT GTC CAC AAG AGC TTA ATT 2 712 

Thr Trp Asn Tiir Tyr Leu Arg Tyr He Thr Val His Lys Ser Leu He 
845 850 855 860 

5 

TTT GTG CTA ATT TGG TGC TTA GTA ATT TTT CTG GCA GAG GTG GCT GCT 276 0 

Phe Val Leu He Trp Cys Leu Val He Phe^ Leu Ala Glu Val Ala Ala 
865 870 875 

10 TCT TTG GTT GTG CTG TGG CTC CTT GGA AAC ACT CCT CTT CAA GAC AAA 28 08 

Ser Leu Val Val Leu Trp Leu Leu Gly Asn Thr Pro Leu Gin Asp Lys 
880 885 890 

GGG AAT AGT ACT CAT AGT AGA AAT AAC AGC TAT GCA GTG ATT ATC ACC 2 856 

15 Gly Asn Ser Thr His Ser Arg Asn Asn Ser Tyr Ala Val He He Thr 
895 900 905 

AGC ACC AGT TCG TAT TAT GTG TTT TAC ATT TAC GTG GGA GTA GCC GAC 2 904 

Ser Thr Ser Ser Tyr Tyr Val Phe Tyr He Tyr Val Gly Val Ala Asp 
20 910 915 920 

ACT TTG CTT GCT ATG GGA TTC TTC AGA GGT CTA CCA CTG GTG CAT ACT 2952 
Thr Leu Leu Ala Met Gly Phe Phe Arg Gly Leu Pro Leu Val His Thr 
925 930 935 940 

25 

CTA ATC ACA GTG TCG AAA ATT TTA CAC CAC AAA ATG TTA CAT TCT GTT 3 000 

Leu He Thr Val Ser Lys He Leu His His Lys Met Leu His Ser Val 
945 950 955 

30 CTT CAA GCA CCT ATG TCA ACC CTC AAC ACG TTG AAA GCA GGT GGG ATT 3048 
Leu Gin Ala Pro Met Ser Thr Leu Asn Thr Leu Lys Ala Gly Gly He 
960 965 970 

CTT AAT AGA TTC TCC AAA GAT ATA GCA ATT TTG GAT GAC CTT CTG CCT 3096 
35 Leu Asn Arg Phe Ser Lys Asp He Ala He Leu Asp Asp Leu Leu Pro 
975 980 985 

CTT ACC ATA TTT GAC TTC ATC CAG TTG TTA TTA ATT GTG ATT GGA GCT 3144 
Leu Thr He Phe Asp Phe He Gin Leu Leu Leu He Val He Gly Ala 
40 990 995 1000 

ATA GCA GTT GTC GCA GTT TTA CAA CCC TAC ATC TTT GTT GCA ACA GTG 3192 
He Ala Val Val Ala Val Leu Gin Pro Tyr He Phe Val Ala Thr Val 
1005 1010 1015 1020 

45 

CCA GTG ATA GTG GCT TTT ATT ATG TTG AGA GCA TAT TTC CTC CAA ACC 3240 
Pro Val He Val Ala Phe He Met Leu Arg Ala Tyr Phe Leu Gin Thr 
1025 1030 1035 

50 TCA CAG CAA CTC AAA CAA CTG GAA TCT GAA GGC AGG AGT CCA ATT TTC 3288 
Ser Gin Gin Leu Lys Gin Leu Glu Ser Glu Gly Arg Ser Pro He Phe 
1040 1045 1050 

ACT CAT CTT GTT ACA AGC TTA AAA GGA CTA TGG ACA CTT CGT GCC TTC 3336 
55 Thr His Leu Val Thr Ser Leu Lys Gly Leu Trp Thr Leu Arg Ala Phe 
1055 1060 1065 
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GGA CGG CAG CCT TAG TTT GAA ACT CTG TTC CAC AAA GOT CTG AAT TTA 33 84 

Gly Arg Gin Pro Tyr Phe Glu Thr Leu Phe His Lys Ala Leu Asn Leu 
1070 1075 1080 

5 

CAT ACT GCC AAC TGG TTC TTG TAC CTG TCA ACA CTG CGC TGG TTC CAA' 3432 
His Thr Ala Asn Trp Phe Leu Tyr Leu Ser Thr Leu Arg Trp Phe Gin 
1085 1090 1095 1100 

10 ATG AGA ATA GAA ATG ATT TTT GTC ATC TTC TTC ATT GCT GTT ACC TTC 34 8 0 

Met Arg lie Glu Met lie Phe Val lie Phe Phe lie Ala Val Thr Phe 
1105 1110 1115 

ATT TCC ATT TTA ACA ACA GGA GAA GGA GAA GGA AGA GTT GGT ATT ATC 3528 
15 lie Ser lie Leu Thr Thr Gly Glu Gly Glu Gly Arg Val Gly lie He 
1120 1125 1130 

CTG ACT TTA GCC ATG AAT ATC ATG AGT ACA TTG CAG TGG GCT GTA T^C 3576 
Leu Thr Leu Ala Met Asn He Met Ser Thr Leu Gin Trp Ala Val Asn 
20 1135 1140 1145 

TCC AGC ATA GAT GTG GAT AGC TTG ATG CGA TCT GTG AGO CGA GTC TTT 3624 
Ser Ser He Asp Val Asp Ser Leu Met Arg Ser Val Ser Arg Val Phe 
1150 1155 1160 

25 

AAG TTC ATT GAC ATG CCA ACA GAA GGT AAA CCT ACC AAG TCA ACC AAA 36 72 

Lys Phe He Asp Met Pro Thr Glu Gly Lys Pro Thr Lys Ser Thr Lys 
1165 1170 1175 1180 

30 CCA TAC AAG AAT GGC CAA CTC TCG AAA GTT ATG ATT ATT GAG AAT TCA 372 0 

Pro Tyr Lys Asn Gly Gin Leu Ser Lys Val Met He He Glu Asn Ser 
1185 1190 1195 

CAC GTG AAG AAA GAT GAC ATC TGG CCC TCA GGG GGC CAA ATG ACT GTC 3 768 

35 His Val Lys Lys Asp Asp He Trp Pro Ser Gly Gly Gin Met Thr Val 
1200 1205 1210 

AAA GAT CTC ACA GCA AAA TAC ACA GAA GGT GGA AAT GCC ATA TTA GAG 3 816 

Lys Asp Leu Thr Ala Lys Tyr Thr Glu Gly Gly Asn Ala He Leu Glu 
40 1215 1220 1225 

AAC ATT TCC TTC TCA ATA AGT CCT GGC CAG AGG GTG GGC CTC TTG GGA 3 864 

Asn He Ser Phe Ser He Ser Pro Gly Gin Arg Val Gly Leu Leu Gly 
1230 1235 1240 

45 

AGA ACT GGA TCA GGG AAG AGT ACT TTG TTA TCA GCT TTT TTG AGA CTA 3 912- 

Arg Thr Gly Ser Gly Lys Ser Thr Leu Leu Ser Ala Phe Leu Arg Leu 
1245 1250 1255 1260 

50 CTG AAC ACT GAA GGA GAA ATC CAG ATC GAT GGT GTG TCT TGG GAT TCA 3 96 0 

Leu Asn Thr Glu Gly Glu He Gin He Asp Gly Val Ser Trp Asp Ser 
1265 1270 1275 

ATA ACT TTG CAA CAG TGG AGG AAA GCC TTT GGA GTG ATA CCA CAG AAA 4008 
55 He Thr Leu Gin Gin Trp Arg Lys Ala Phe Gly Val He Pro Gin Lys 
1280 1285 1290 
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GTA TTT ATT TTT TCT GGA ACA TTT AGA AAA AAC TTG GAT CCC TAT GAA 4 05 6 

Val Phe lie Phe Ser Gly Thr Phe Arg Lys Asn Leu Asp Pro Tyr Glu 
1295 1300 1305 

5 

CAG TGG AGT GAT CAA GAA ATA TGG AAA GTT GCA GAT GAG GTT GGG CTC 4104 

Gin Trp Ser Asp Gin Glu lie Trp Lys Val Ala Asp Glu Val Gly Leu 
1310 1315 1320 

10 AGA TCT GTG ATA GAA CAG TTT CCT GGG AAG CTT GAC TTT GTC CTT GTG 4152 

Arg Ser Val He Glu Gin Phe Pro Gly Lys Leu Asp Phe Val Leu Val 
1325 1330 1335 1340 



GAT GGG GGG TGT GTC CTA AGC CAT 
15 Asp Gly Gly Cys Val Leu Ser His 

1345 

GCT AGA TCT GTT CTC AGT AAG GCG 
Ala Arg Ser Val Leu Ser Lys Ala 
20 1360 



GGC CAC AAG CAG TTG ATG TGC TTG 4200 
Gly His Lys Gin Leu Met Cys Leu 
1350 1355 

AAG ATC TTG CTG CTT GAT GAA CCC 4248 
Lys lie Leu Leu Leu Asp Glu Pro 
1365 1370 



AGT GCT CAT TTG GAT CCA GTA ACA TAC CAA ATA ATT AGA AGA ACT CTA 4296 
Ser Ala His Leu Asp Pro Val Thr Tyr Gin He He Arg Arg Thr Leu 
1375 1380 1385 

25 

AAA CAA GCA TTT GCT GAT TGC ACA GTA ATT CTC TGT GAA CAC AGG ATA 4344 
Lys Gin Ala Phe Ala Asp Cys Thr Val He Leu Cys Glu His Arg He 
1390 1395 1400 

30 GAA GCA ATG CTG GAA TGC CAA CAA TTT TTG GTC ATA GAA GAG AAC AAA 43 92 

Glu Ala Met Leu Glu Cys Gin Gin Phe Leu Val He Glu Glu Asn Lys 
1405 1410 1415 1420 



GTG CGG CAG TAC GAT TCC ATC CAG AAA CTG CTG AAC GAG AGG AGC CTC 444 0 

35 Val Arg Gin Tyr Asp Ser He Gin Lys Leu Leu Asn Glu Arg Ser Leu 

1425 1430 1435 



TTC CGG CAA GCC ATC AGC CCC TCC GAC AGG GTG AAG CTC TTT CCC CAC 4488 
Phe Arg Gin Ala He Ser Pro Ser Asp Arg Val Lys Leu Phe Pro His 
40 1440 1445 1450 



CGG AAC TCA AGC AAG TGC AAG TCT AAG CCC CAG ATT GCT GCT CTG AAA 4536 
Arg Asn Ser Ser Lys Cys Lys Ser Lys Pro Gin He Ala Ala Leu Lys 
1455 1460 1465 

45 

GAG GAG ACA GAA GAA GAG GTG CAA GAT ACA AGG CTT TAGAGAGCAG 4582 
Glu Glu Thr Glu Glu Glu Val Gin Asp Thr Arg Leu 
1470 1475 1480 

50 CATAAATGTT GACATGGGAC ATTTGCTCAT GGAATTGGAG CTCGTGGGAC AGTCACCTCA 4642 

TGGAATTGGA GCTCGTGGAA CAGTTACCTC TGCCTCAGAA AACAAGGATG AATTAAGTTT 4702 

TTTTTTAAAA AAGAAACATT TGGTAAGGGG AATTGAGGAC ACTGATATGG GTCTTGATAA 4762 

55 

ATGGCTTCCT GGCAATAGTC AAATTGTGTG AAAGGTACTT CAAATCCTTG AAGATTTACC 4822 



ACTTGTGTTT TGCAAGCCAG ATTTTCCTGA AAACCCTTGC CATGTGCTAG TAATTGGAAA 4 882 
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GGCAGCTCTA AATGTCAATC AGCCTAGTTG ATCAGCTTAT TGTCTAGTGA AACTCGTTAA 4942 

TTTGTAGTGT TGGAGAAGAA CTGAAATCAT ACTTCTTAGG GTTATGATTA AGTAATGATA 5002 

5 ACTGGAAACT TCAGCGGTTT ATATAAGCTT GTATTCCTTT TTCTCTCCTC TCCCCATGAT 5 062 

GTTTAGAAAC ACAACTATAT TGTTTGCTAA GCATTCCAAC TATCTCATTT CCAAGCAAGT 5122 

ATTAGAATAC CACAGGAACC ACAAGACTGC ACATCAAAAT ATGCCCCATT CAACATCTAG 5182 

10 

TGAGCAGTCA GGAAAGAGAA CTTCCAGATC CTGGAAATCA GGGTTAGTAT TGTCCAGGTC 5242 

TACCAAAAAT CTCAATATTT CAGATAATCA CAATACATCC CTTACCTGGG AAAGGGCTGT 5302 

15 TATAATCTTT CACAGGGGAC AGGATGGTTC CCTTGATGAA GAAGTTGATA TGCCTTTTCC 5362 

CAACTCCAGA AAGTGACAAG CTCACAGACC TTTGAACTAG AGTTTAGCTG GAAAAGTATG 5422 

TTAGTGCAAA TTGTCACAGG ACAGCCCTTC TTTCCACAGA AGCTCCAGGT AGAGGGTGTG 5482 

20 

TAAGTAGATA GGCCATGGGC ACTGTGGGTA GACACACATG AAGTCCAAGC ATTTAGATGT 5542 

ATAGGTTGAT GGTGGTATGT TTTCAGGCTA GATGTATGTA CTTCATGCTG TCTACACTAA 5602 

25 GAGAGAATGA GAGACACACT GAAGAAGCAC CAATCATGAA TTAGTTTTAT ATGCTTCTGT 5662 

TTTATAATTT TGTGAAGCAA AATTTTTTCT CTAGGAAATA TTTATTTTAA TAATGTTTCA 5722 

AACATATATT ACAATGCTGT ATTTTAAAAG AATGATTATG AATTACATTT GTATAAAATA 5782 

30 

ATTTTTATAT TTGAAATATT GACTTTTTAT GGCACTAGTA TTTTTATGAA ATATTATGTT 5842 

AAAACTGGGA CAGGGGAGAA CCTAGGGTGA TATTAACCAG GGGCCATGAA TCACCTTTTG 5902 

35 GTCTGGAGGG AAGCCTTGGG GCTGATCGAG TTGTTGCCCA CAGCTGTATG ATTCCCAGCC 5962 

AGACACAGCC TCTTAGATGC AGTTCTGAAG AAGATGGTAC CACCAGTCTG ACTGTTTCCA 6 02 2 

TCAAGGGTAC ACTGCCTTCT CAACTCCAAA CTGACTCTTA AGAAGACTGC ATTATATTTA 6082 

TTACTGTAAG AAAATATCAC TTGTCAATAA AATCCATACA TTTGTGT 6129 



40 



(2) INFORMATION FOR SEQ ID NO : 2 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1480 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 : 

55 Met Gin Arg Ser Pro Leu Glu Lys Ala Ser Val Val Ser Lys Leu Phe 
1 5 10 15 



45 



50 
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40 



55 



Phe Ser Trp Thr Arg Pro lie Leu Arg Lys Gly Tyr Arg Gin Arg Leu 
20 25 30 

Glu Leu Ser Asp lie Tyr Gin lie Pro Ser Val Asp Ser Ala Asp Asn 
35 40 45 

Leu Ser Glu Lys Leu Glu Arg Glu Trp Asp Arg Glu Leu Ala Ser Lys 
50 55 60 

Lys Asn Pro Lys Leu lie Asn Ala Leu Arg Arg Cys Phe Phe Trp Arg 
65 70 75 80 



Phe Met Phe Tyr Gly lie Phe Leu Tyr Leu Gly Glu Val Thr Lys Ala 
15 85 90 95 

Val Gin Pro Leu Leu Leu Gly Arg lie lie Ala Ser Tyr Asp Pro Asp 

100 105 110 

20 Asn Lys Glu Glu Arg Ser lie Ala lie Tyr Leu Gly lie Gly Leu Cys 
115 120 125 



Leu Leu Phe lie Val Arg Thr Leu Leu Leu His Pro Ala lie Phe Gly 

130 135 140 

Leu His His He Gly Met Gin Met Arg He Ala Met Phe Ser Leu He 

145 150 155 160 



Tyr Lys Lys Thr Leu Lys Leu Ser Ser Arg Val Leu Asp Lys He Ser 

30 165 170 175 

He Gly Gin Leu Val Ser Leu Leu Ser Asn Asn Leu Asn Lys Phe Asp 
180 185 190 

35 Glu Gly Leu Ala Leu Ala His Phe Val Trp He Ala Pro Leu Gin Val 
195 200 205 



Ala Leu Leu Met Gly Leu He Trp Glu Leu Leu Gin Ala Ser Ala Phe 
210 215 220 

Cys Gly Leu Gly Phe Leu He Val Leu Ala Leu Phe Gin Ala Gly Leu 
225 230 235 240 



Gly Arg Met Met Met Lys Tyr Arg Asp Gin Arg Ala Gly Lys He Ser 

45 245 250 255 

Glu Arg Leu Val He Thr Ser Glu Met He Glu Asn He Gin Ser Val 

260 265 270 

50 Lys Ala Tyr Cys Trp Glu Glu Ala Met Glu Lys Met He Glu Asn Leu 

275 280 285 



Arg Gin Thr Glu Leu Lys Leu Thr Arg Lys Ala Ala Tyr Val Arg Tyr 

.290 295 300 

Phe Asn Ser Ser Ala Phe Phe Phe Ser Gly Phe Phe Val Val Phe Leu 

305 310 315 320 
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Ser Val Leu Pro Tyr Ala Leu lie Lys Gly lie lie Leu Arg Lys lie 
325 330 335 

5 Phe Thr Thr lie Ser Phe Cys lie Val Leu Arg Met Ala Val Thr Arg 
340 345 350 

Gin Phe Pro Trp Ala Val Gin Thr Trp Tyr Asp Ser Leu Gly Ala lie 
355 360 365 



10 



Asn Lys lie Gin Asp Phe Leu Gin Lys Gin Glu Tyr Lys Thr Leu Glu 
370 375 380 



Tyr Asn Leu Thr Thr Thr Glu Val Val Met Glu Asn Val Thr Ala Phe 
15 385 390 395 400 

Trp Glu Glu Gly Phe Gly Glu Leu Phe Glu Lys Ala Lys Gin Asn Asn 
405 410 415 

20 Asn Asn Arg Lys Thr Ser Asn Gly Asp Asp Ser Leu Phe Phe Ser Asn 
420 425 430 



25 



Phe Ser Leu Leu Gly Thr Pro Val Leu Lys Asp lie Asn Phe Lys lie 
435 440 445 

Glu Arg Gly Gin Leu Leu Ala Val Ala Gly Ser Thr Gly Ala Gly Lys 
450 455 460 



Thr Ser Leu Leu Met Met lie Met Gly Glu Leu Glu Pro Ser Glu Gly 
30 465 470 475 480 

Lys lie Lys His Ser Gly Arg lie Ser Phe Cys Ser Gin Phe Ser Trp 
485 490 495 

35 lie Met Pro Gly Thr He Lys Glu Asn He He Phe Gly Val Ser Tyr 
500 505 510 



40 



Asp Glu Tyr Arg Tyr Arg Ser Val He Lys Ala Cys Gin Leu Glu Glu 

515 520 525 

Asp He Ser Lys Phe Ala Glu Lys Asp Asn He Val Leu Gly Glu Gly 
530 535 • 540 



Gly He Thr Leu Ser Gly Gly Gin Arg Ala Arg He Ser Leu Ala Arg 

45 545 550 555 560 

Ala Val Tyr Lys Asp Ala Asp Leu Tyr Leu Leu Asp Ser Pro Phe Gly 

565 570 575 

50 Tyr Leu Asp Val Leu Thr Glu Lys Glu He Phe Glu Ser Cys Val Cys 

580 585 590 



55 



Lys Leu Met Ala Asn Lys Thr Arg He Leu Val Thr Ser Lys Met Glu 
595 600 605 

His Leu Lys Lys Ala Asp Lys He Leu He Leu His Glu Gly Ser Ser 

610 615 620 
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10 



25 



40 



Tyr Phe Tyr Gly Th.r Phe Ser Glu Leu Gin Asn Leu Gin Pro Asp Phe 
625 630 635 640 

Ser Ser Lys Leu Met Gly Cys Asp Ser Phe Asp Gin Phe Ser Ala Glu 
645 650 655 

Arg Arg Asn Ser lie Leu Thr Glu Thr Leu His Arg Phe Ser Leu Glu 
660 665 670 

Gly Asp Ala Pro Val Ser Trp Thr Glu Thr Lys Lys Gin Ser Phe Lys 
675 680 685 



Gin Thr Gly Glu Phe Gly Glu Lys Arg Lys Asn Ser lie Leu Asn Pro 
15 690 695 700 

lie Asn Ser He Arg Lys Phe Ser He Val Gin Lys Thr Pro Leu Gin 

705 710 715 720 

20 Met Asn Gly He Glu Glu Asp Ser Asp Glu Pro Leu Glu Arg Arg Leu 

725 730 735 



Ser Leu Val Pro Asp Ser Glu Gin Gly Glu Ala He Leu Pro Arg He 
740 745 750 

Ser Val He Ser Thr Gly Pro Thr Leu Gin Ala Arg Arg Arg Gin Ser 
755 760 765 



Val Leu Asn Leu Met Thr His Ser Val Asn Gin Gly Gin Asn He His 
30 770 775 780 

Arg Lys Thr Thr Ala Ser Thr Arg Lys Val Ser Leu Ala Pro Gin Ala 
785 790 795 800 

35 Asn Leu Thr Glu Leu Asp He Tyr Ser Arg Arg Leu Ser Gin Glu Thr 

805 810 815 

Gly Leu Glu He Ser Glu Glu He Asn Glu Glu Asp Leu Lys Glu Cys 
820 825 830 



Leu Phe Asp Asp Met Glu Ser He Pro Ala Val Thr Thr Trp Asn Thr 
835 840 845 



Tyr Leu Arg Tyr He Thr Val His Lys Ser Leu He Phe Val Leu He 

45 850 855 860 

Trp Cys Leu Val He Phe Leu Ala Glu Val Ala Ala Ser Leu Val Val 

865 870 875 880 

50 Leu Trp Leu Leu Gly Asn Thr Pro Leu Gin Asp Lys Gly Asn Ser Thr 

885 890 895 



55 



His Ser Arg Asn Asn Ser Tyr Ala Val He He Thr Ser Thr Ser Ser 
900 905 910 

Tyr Tyr Val Phe Tyr He Tyr Val Gly Val Ala Asp Thr Leu Leu Ala 
915 920 925 
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Met Gly Phe Phe Arg Gly Leu Pro Leu Val His Thr Leu He Thr Val 

930 935 940 

5 Ser Lys He Leu His His Lys Met Leu His Ser Val Leu Gin Ala Pro 
945 950 955 960 

Met Ser Thr Leu Asn Thr Leu Lys Ala Gly Gly He Leu Asn Arg Phe 
965 970 975 



10 



Ser Lys Asp He Ala He Leu Asp Asp Leu Leu Pro Leu Thr He Phe 
980 985 990 



Asp Phe He Gin Leu Leu Leu He Val He Gly Ala He Ala Val Val 
15 995 1000 1005 

Ala Val Leu Gin Pro Tyr He Phe Val Ala Thr Val Pro Val He Val 
1010 1015 1020 

20 Ala Phe He Met Leu Arg Ala Tyr Phe Leu Gin Thr Ser Gin Gin Leu 
1025 1030 1035 1040 



25 



Lys Gin Leu Glu Ser Glu Gly Arg Ser Pro He Phe Thr His Leu Val 
1045 1050 1055 

Thr Ser Leu Lys Gly Leu Trp Thr Leu Arg Ala Phe Gly Arg Gin Pro 

1060 1065 1070 



Tyr Phe Glu Thr Leu Phe His Lys Ala Leu Asn Leu His Thr Ala Asn 
30 1075 1080 1085 

Trp Phe Leu Tyr Leu Ser Thr Leu Arg Trp Phe Gin Met Arg He Glu 
1090 1095 1100 

35 Met He Phe Val He Phe Phe He Ala Val Thr Phe He Ser He Leu 

1105 1110 1115 1120 



40 



Thr Thr Gly Glu Gly Glu Gly Arg Val Gly He He Leu Thr Leu Ala 
1125 1130 1135 

Met Asn He Met Ser Thr Leu Gin Trp Ala Val Asn Ser Ser He Asp 
1140 1145 1150 



Val Asp Ser Leu Met Arg Ser Val Ser Arg Val Phe Lys Phe He Asp 
45 1155 1160 1165 

Met Pro Thr Glu Gly Lys Pro Thr Lys Ser Thr Lys Pro Tyr Lys Asn 
1170 1175 1180 

50 Gly Gin Leu Ser Lys Val Met He He Glu Asn Ser His Val Lys Lys 
1185 1190 1195 1200 

Asp Asp He Trp Pro Ser Gly Gly Gin Met Thr Val Lys Asp Leu Thr 
1205 1210 1215 

Ala Lys Tyr Thr Glu Gly Gly Asn Ala He Leu Glu Asn He Ser Phe 
1220 1225 1230 
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Ser lie Ser Pro Gly Gin Arg Val Gly Leu Leu Gly Arg Thr Gly Ser 
1235 1240 1245 

5 Gly Lys Ser Thr Leu Leu Ser Ala Phe Leu Arg Leu Leu Asn Thr Glu 
1250 1255 1260 

Gly Glu lie Gin lie Asp Gly Val Ser Trp Asp Ser lie Thr Leu Gin 
1265 1270 1275 1280 



10 



25 



40 



Gin Trp Arg Lys Ala Phe Gly Val lie Pro Gin Lys Val Phe lie Phe 
1285 1290 1295 



Ser Gly Thr Phe Arg Lys Asn Leu Asp Pro Tyr Glu Gin Trp Ser Asp 
15 1300 1305 1310 

Gin Glu lie Trp Lys Val Ala Asp Glu Val Gly Leu Arg Ser Val lie 
1315 1320 1325 

20 Glu Gin Phe Pro Gly Lys Leu Asp Phe Val Leu Val Asp Gly Gly Cys 
1330 1335 1340 

Val Leu Ser His Gly His Lys Gin Leu Met Cys Leu Ala Arg Ser Val 
1345 1350 1355 1360 



Leu Ser Lys Ala Lys lie Leu Leu Leu Asp Glu Pro Ser Ala His Leu 
1365 1370 1375 



' Asp Pro Val Thr Tyr Gin lie lie Arg Arg Thr Leu Lys Gin Ala Phe 
30 1380 1385 1390 

Ala Asp Cys Thr Val lie Leu Cys Glu His Arg He Glu Ala Met Leu 
1395 1400 1405 

35 Glu Cys Gin Gin Phe Leu Val He Glu Glu Asn Lys Val Arg Gin Tyr 
1410 1415 1420 

Asp Ser He Gin Lys Leu Leu Asn Glu Arg Ser Leu Phe Arg Gin Ala 
1425 1430 1435 1440 



He Ser Pro Ser Asp Arg Val Lys Leu Phe Pro His Arg Asn Ser Ser 
1445 1450 1455 



Lys Cys Lys Ser Lys Pro Gin He Ala Ala Leu Lys Glu Glu Thr Glu 
45 1460 1465 1470 

Glu Glu Val Gin Asp Thr Arg Leu 
1475 1480 

50 (2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 563 5 base pairs 

(B) TYPE: nucleic acid 
55 (C) STRANDEDNESS : single 

{ D ) TOPOLOGY : 1 inear 



(ii) 



MOLECULE TYPE: cDNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 

CATCATCAAT AATATACCTT ATTTTGGATT GAAGCCAATA TGATAATGAG GGGGTGGAGT 60 

5 

TTGTGACGTG GCGCGGGGCG TGGGAACGGG GCGGGTGACG TAGTAGTGTG GCGGAAGTGT 12 0 

GATGTTGCAA GTGTGGCGGA ACACATGTAA GCGCCGGATG TGGTAAAAGT GACGTTTTTG 18 0 

10 GTGTGCGCCG GTGTATACGG GAAGTGACAA TTTTCGCGCG GTTTTAGGCG GATGTTGTAG 240 

TAT^TTTGGG CGTAACCAAG TAATGTTTGG CCATTTTCGC GGGAAAACTG AATAAGAGGA 300 

AGTGAAATCT GAATAATTCT GTGTTACTCA TAGCGCGTAA TATTTGTCTA GGGCCGCGGG 360 

15 

GACTTTGACC GTTTACGTGG AGACTCGCCC AGGTGTTTTT CTCAGGTGTT TTCCGCGTTC 42 0 

CGGGTCAAAG TTGGCGTTTT ATTATTATAG TCAGCTGACG CGCAGTGTAT TTATACCCGG 480 

20 TGAGTTCCTC T^GAGGCCAC TCTTGAGTGC CAGCGAGTAG AGTTTTCTCC TCCGAGCCGC 540 

TCCGAGCTAG TAACGGCCGC CAGTGTGCTG CAGATATCAA AGTCGACGGT ACCCGAGAGA 600 

CCATGCAGAG GTCGCCTCTG GAAAAGGCCA GCGTTGTCTC CAAACTTTTT TTCAGCTGGA 660 

25 

CCAGACCAAT TTTGAGGAAA GGATACAGAC AGCGCCTGGA ATTGTCAGAC ATATACCAAA 720 

TCCCTTCTGT TGATTCTGCT GACAATCTAT CTGAAAAATT GGAAAGAGAA TGGGATAGAG 78 0 

30 AGCTGGCTTC AAAGAAAAAT CCTAAACTCA TTAATGCCCT TCGGCGATGT TTTTTCTGGA 840 

GATTTATGTT CTATGGAATC TTTTTATATT TAGGGGAAGT CACCAAAGCA GTACAGCCTC 900 

TCTTACTGGG AAGAATCATA GCTTCCTATG ACCCGGATAA CAAGGAGGAA CGCTCTATCG 960 

35 

CGATTTATCT AGGCATAGGC TTATGCCTTC TCTTTATTGT GAGGACACTG CTCCTACACC 102 0 

CAGCCATTTT TGGCCTTCAT CACATTGGAA TGCAGATGAG AATAGCTATG TTTAGTTTGA 1080 

40 TTTATAAGAA GACTTTAAAG CTGTCAAGCC GTGTTCTAGA TAAAATAAGT ATTGGACAAC 1140 

TTGTTAGTCT CCTTTCCAAC AACCTGAACA AATTTGATGA AGGACTTGCA TTGGCACATT 1200 

TCGTGTGGAT CGCTCCTTTG CAAGTGGCAC TCCTCATGGG GCTAATCTGG GAGTTGTTAC 1260 

' 45 

AGGCGTCTGC CTTCTGTGGA CTTGGTTTCC TGATAGTCCT TGCCCTTTTT CAGGCTGGGC 1320 

TAGGGAGAAT GATGATGAAG TACAGAGATC AGAGAGCTGG GAAGATCAGT GAAAGACTTG 13 8 0 

50 TGATTACCTC AGAAATGATT GAAAACATCC AATCTGTTAA GGCATACTGC TGGGAAGAAG 1440 

CAATGGAAAA AATGATTGAA AACTTAAGAC AAACAGAACT GAAACTGACT CGGAAGGCAG 1500 

CCTATGTGAG ATACTTCAAT AGCTCAGCCT TCTTCTTCTC AGGGTTCTTT GTGGTGTTTT 1560 

55 

TATCTGTGCT TCCCTATGCA CTAATCAAAG GAATCATCCT CCGGAAAATA TTCACCACCA 162 0 

TCTCATTCTG CATTGTTCTG CGCATGGCGG TCACTCGGCA ATTTCCCTGG GCTGTACAAA 168 0 
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CATGGTATGA CTCTCTTGGA GCAATAAACA 
ATAAGACATT GGAATATAAC TTAACGACTA 
5 TCTGGGAGGA GGGATTTGGG GAATTATTTG 
AAACTTCTAA TGGTGATGAC AGCCTCTTCT 
TCCTGAAAGA TATTAATTTC AAGATAGAAA 

10 

CTGGAGCAGG CAAGACTTCA CTTCTAATGA 
GTAAAATTAA GCACAGTGGA AGAATTTCAT 
15 GCACCATTAA AGAAAATATC ATCTTTGGTG 
TCATCAAAGC ATGCCAACTA GAAGAGGACA 
TTCTTGGAGA AGGTGGAATC ACACTGAGTG 

20 

GAGCAGTATA CAAAGATGCT GATTTGTATT 
TTTTAACAGA AAAAGAAATA TTTGAAAGCT 
25 GGATTTTGGT CACTTCTAAA ATGGAACATT 
ATGAAGGTAG CAGCTATTTT TATGGGACAT 
TTAGCTCAAA ACTCATGGGA TGTGATTCTT 

30 

CAATCCTAAC TGAGACCTTA CACCGTTTCT 
CAGAAACAAA AAAACAATCT TTTAAACAGA 
35 CTATTCTCAA TCCAATCAAC TCTATACGAA 
AAATGAATGG CATCGAAGAG GATTCTGATG 

CAGATTCTGA GCAGGGAGAG GCGATACTGC 

40 

CGCTTCAGGC ACGAAGGAGG CAGTCTGTCC 
GTCAG7VACAT TCACCGAAAG ACAACAGCAT 
45 CAAACTTGAC TGAACTGGAT ATATATTCAA 
TAAGTGAAGA AATTAACGAA GAAGACTTAA 
TACCAGCAGT GACTACATGG AACACATACC 

50 

-TTTTTGTGCT AATTTGGTGC TTAGTAATTT 
TGCTGTGGCT CCTTGGAAAC ACTCCTCTTC 
55 ATAACAGCTA TGCAGTGATT ATCACCAGCA 
TGGGAGTAGC CGACACTTTG CTTGCTATGG 
CTCTAATCAC AGTGTCGAAA ATTTTACACC 
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AAATACAGGA TTTCTTACAA AAGCAAGAAT 1740 

CAGAAGTAGT GATGGAGAAT GTAACAGCCT 1800 

AGAAAGCAAA ACAAAACAAT AACAATAGAA 1860 

TCAGTAATTT CTCACTTCTT GGTACTCCTG 192 0 

GAGGACAGTT GTTGGCGGTT GCTGGATCCA 198 0 

TGATTATGGG AGAACTGGAG CCTTCAGAGG 2 04 0 

TCTGTTCTCA GTTTTCCTGG ATTATGCCTG 210 0 

TTTCCTATGA TGAATATAGA TACAGAAGCG 2160 

TCTCCAAGTT TGCAGAGAAA GACAATATAG 2220 

GAGGTCAACG AGCAAGAATT TCTTTAGCAA 2280 

TATTAGACTC TCCTTTTGGA TACCTAGATG 234 0 

GTGTCTGTAA ACTGATGGCT AACAAAACTA 2400 

TAAAGAAAGC TGACAAAATA TTAATTTTGC 2460 

TTTCAGAACT CCAAAATCTA CAGCCAGACT 2520 

TCGACCAATT TAGTGCAGAA AGAAGAAATT 2580 

CATTAGAAGG AGATGCTCCT GTCTCCTGGA 264 0 

CTGGAGAGTT TGGGGAAAAA AGGAAGAATT 2700 

AATTTTCCAT TGTGCAAAAG ACTCCCTTAC 2 760 

AGCCTTTAGA GAGAAGGCTG TCCTTAGTAC 282 0 

CTCGCATCAG CGTGATCAGC ACTGGCCCCA 2 88 0 

TGAACCTGAT GACACACTCA GTTAACCAAG 2 94 0 

CCACACGAAA AGTGTCACTG GCCCCTCAGG 3000 

GAAGGTTATC TCAAGAAACT GGCTTGGAi\A 3 060 

AGGAGTGCCT TTTTGATGAT ATGGAGAGCA 312 0 

TTCGATATAT TACTGTCCAC AAGAGCTTAA 318 0 

TTCTGGCAGA GGTGGCTGCT TCTTTGGTTG 324 0 

AAGACAAAGG GAATAGTACT CATAGTAGAA 33 00 

CCAGTTCGTA TTATGTGTTT TACATTTACG 3360 

GATTCTTCAG AGGTCTACCA CTGGTGCATA 342 0 

ACAAAATGTT ACATTCTGTT CTTCAAGCAC 348 0 
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CTATGTCAAC CCTCAACACG TTGAAAGCAG GTGGGATTCT TAATAGATTC TCCAAAGATA 354 0 

TAGCAATTTT GGATGACCTT CTGCCTCTTA CCATATTTGA CTTCATCCAG TTGTTATTAA 3600 

5 

TTGTGATTGG AGCTATAGCA GTTGTCGCAG TTTTACAACC CTACATCTTT GTTGCAACAG 3660 

TGCCAGTGAT AGTGGCTTTT ATTATGTTGA GAGCATATTT CCTCCAAACC TCACAGCAAC 372 0 

10 TCAAACAACT GGAATCTGAA GGCAGGAGTC CAATTTTCAC TCATCTTGTT ACAAGCTTAA 3 78 0 

AAGGACTATG GACACTTCGT GCCTTCGGAC GGCAGCCTTA CTTTGAAACT CTGTTCCACA 384 0 

AAGCTCTGAA TTTACATACT GCCAACTGGT TCTTGTACCT GTCAACACTG CGCTGGTTCC 3900 

15 

AAATGAGAAT AGAAATGATT TTTGTCATCT TCTTCATTGC TGTTACCTTC ATTTCCATTT 3 960 

TAACAACAGG AGAAGGAGAA GGAAGAGTTG GTATTATCCT GACTTTAGCC ATGAATATCA 402 0 

20 TGAGTACATT GCAGTGGGCT GTAAACTCCA GCATAGATGT GGATAGCTTG ATGCGATCTG 4080 

TGAGCCGAGT CTTTAAGTTC ATTGACATGC CAACAGAAGG TAAACCTACC AAGTCAACCA 414 0 

AACCATACAA GAATGGCCAA CTCTCGAAAG TTATGATTAT TGAGAATTCA CACGTGAAGA 4200 

25 

AAGATGACAT CTGGCCCTCA GGGGGCCAAA TGACTGTCAA AGATCTCACA GCAAAATACA 4260 

CAGAAGGTGG AAATGCCATA TTAGAGAACA TTTCCTTCTC AATAAGTCCT GGCCAGAGGG 4320 

30 TGGGCCTCTT GGGAAGAACT GGATCAGGGA AGAGTACTTT GTTATCAGCT TTTTTGAGAC 438 0 

TACTGAACAC TGAAGGAGAA ATCCAGATCG ATGGTGTGTC TTGGGATTCA ATAACTTTGC 4440 

AACAGTGGAG GAAAGCCTTT GGAGTGATAC CACAGAAAGT ATTTATTTTT TCTGGAACAT 4 50 0 

35 

TTAGAAAAAA CTTGGATCCC TATGAACAGT GGAGTGATCA AGAAATATGG AAAGTTGCAG 4560 

ATGAGGTTGG GCTCAGATCT GTGATAGAAC AGTTTCCTGG GAAGCTTGAC TTTGTCCTTG 462 0 

40 TGGATGGGGG CTGTGTCCTA AGCCATGGCC ACAAGCAGTT GATGTGCTTG GCTAGATCTG 4680 

TTCTCAGTAA GGCGAAGATC TTGCTGCTTG ATGAACCCAG TGCTCATTTG GATCCAGTAA 4740 

CATACCAAAT AATTAGAAGA ACTCTAAAAC AAGCATTTGC TGATTGCACA GTAATTCTCT 4800 

45 

GTGAACACAG GATAGAAGCA ATGCTGGAAT GCCAACAATT TTTGGTCATA GAAGAGAACA 4860 

AAGTGCGGCA GTACGATTCC ATCCAGAAAC TGCTGAACGA GAGGAGCCTC TTCCGGCAAG 492 0 

50 CCATCAGCCC CTCCGACAGG GTGAAGCTCT TTCCCCACCG GAACTCAAGC AAGTGCAAGT 498 0 

CTAAGCCCCA GATTGCTGCT CTGAAAGAGG AGACAGAAGA AGAGGTGCAA GATACAAGGC 5040 

TTTAQAGAGC AGCATAAATG TTGACATGGG ACATTTGCTC ATGGAATTGG AGGTAGCGGA 5100 

TTGAGGTACT GAAATGTGTG GGCGTGGCTT AAGGGTGGGA AAGAATATAT AAGGTGGGGG 516 0 

TCTCATGTAG TTTTGTATCT GTTTTGCAGC AGCCGCCGCC ATGAGCGCCA ACTCGTTTGA 522 0 



55 



10 



15 



20 
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TGGAAGCATT GTGAGCTCAT ATTTGACAAC GCGCATGCCC CCATGGGCCG 
GAATGTGATG GGCTCCAGCA TTGATGGTCG CCCCGTCCTG CCCGCAAACT 
5 GACCTACGAG ACCGTGTCTG GAACGCCGTT GGAGACTGCA GCCTCCGCCG 
CGCTGCAGCC ACCGCCCGCG GGATTGTGAC TGACTTTGCT TTCCTGAGCC 
CAGTGCAGCT TCCCGTTCAT CCGCCCGCGA TGACAAGTTG ACGGCTCTTT 
GGATTCTTTG ACCCGGGAAC TTAATGTCGT TTCTCAGCAG CTGTTGGATC 
GGTTTCTGCC CTGAAGGCTT CCTCCCCTCC CAATGCGGTT TAAAACATAA 
(2) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
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25 



30 



35 



40 



GGGTGCGTCA 
CTACTACCTT 
CCGCTTCAGC 
CGCTTGCAAG 
TGGCACAATT 
TGCGCCAGCA 
ATAAA 



(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
ACTCTTGAGT GCCAGCGAGT AGAGTTTTCT CCTCCG 

(2) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 9 base pairs 

(B) TYPE: nucleic acid 

. (C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



5280 
5340 
5400 
5460 
5520 
5580 
5635 



36 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5; 

'45 GCAAAGGAGC GATCCACACG T^AATGTGCC 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
50 (A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



29 



55 



(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 6 : 
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CTCCTCCGAG CCGCTCCGAG CTAG 24 
(2) INFORMATION FOR SEQ ID NO : 7 : 

5 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
10 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

15 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 
CCAAAAATGG CTGGGTGTAG GAGCAGTGTC C 31 
20 (2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 
25 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
CGGATCCTTT ATTATAGGGG AAGTCCACGC CTAC 34 
(2) INFORMATION FOR SEQ ID NO: 9: 



30 



35 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 32 base pairs 
40 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear. 



45 



(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 
50 CGGGATCCAT CGATGAAATA TGACTACGTC CG 



32 
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1 . An adenoviras-based gene therapy vector comprising the genome of an adenovirus 2 
serotype in which the Ela and Elb regions of the genome, which are involved in early stages 

5 of viral replication, have been deleted and replaced by genetic material of interest. 

2. The adenovirus-based gene therapy vector of claim 1 , wherein the genetic material of 
interest is DNA encoding cystic fibrosis transmembrane conductance regulator 

10 3. The adenovirus-based gene therapy vector of claim 1 further comprising PGK 
promoter operably linked to the genetic material of interest. 

4. The adenovirus-based gene therapy vector of claim 2 having substantially the same 
nucleotide sequence as shown in Table II (SEQ ID NO:3). 

15 

5. An adenovirus-based gene therapy vector comprising adenovirus inverted terminal 
repeat nucleotide sequences and the minimal nucleotide sequences necessary for efficient 
replication and packaging and genetic material of interest. 

20 6. The adenovirus-based gene therapy vector of claim 5 having the adenovirus 2 
sequences shown in Figure 17. 

7. The adenovirus-based gene therapy vector of claim 5 further comprising PGK 
promoter operably linked to the genetic material of interest. 

25 

8. The adenovirus-based gene therapy vector of claim 5 in which the genetic material of 
interest is selected from the group consisting of DNA encoding: cystic fibrosis 
transmembrane conductance regulator, Factor VIII, and Factor IX. 

30 9. An adenovirus-based gene therapy vector comprising an adenovirus genome which 
has been deleted for all E4 open reading frames, except open reading frame 6, and 
additionally comprising genetic material of interest. 

10. The adenovirus-based gene therapy vector of claim 9 further comprising PGK 
35 promoter operably linked to the genetic material of interest. 

1 1 . The adenovirus-based gene therapy vector of claim 9 in which the Ela and Elb regions 
of the genome, which are mvolved in early stages of viral replication, have been deleted. 
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12. The adenovirus-based gene therapy vector of claim 9 in which the E3 region has been 
deleted. 

13. An adenovirus-based gene therapy vector comprising an adenovirus genome which 
5 has been deleted for all E4 open reading frames, except open reading frame 3, and 

additionally comprising genetic material of interest. 

14. The adenovirus-based gene therapy vector of claim 13 in which the Ela and Elb 
regions of the genome, which are involved in early stages of viral replication, have been 

10 deleted. 

15. The adenovirus-based gene therapy vector of claim 13 further comprising PGK 
promoter operably linked to the genetic material of interest. 

15 16. The adenovirus-based gene therapy vector of claim 1 3 in which the E3 region has 
been deleted. 

17. A method for treating or preventing cystic fibrosis in a patient comprising 
administering to the pulmonary airways of the patient, a gene therapy vector comprising 

20 DNA encoding cystic fibrosis transmembrane conductance regulator. 

18. The method of claim 17 wherein the gene therapy vector is an adenovirus-based gene 
therapy vector comprising the genome of an adenovirus 2 serotype in which the Ela and Elb 
regions of the genome, which are involved in early stages of viral replication, have been 

25 deleted and replaced by DNA encoding cystic fibrosis transmembrane conductance 
regulator. 

1 9. The method of claim 1 7 wherein the gene therapy vector further comprises PGK 
promoter operably linked to the DNA encoding cystic fibrosis transmembrane conductance 

30 regulator. 

20. The method of claim 1 7 wherein the gene therapy vector is an adenovirus-based gene 
therapy vector comprising adenovirus inverted terminal repeats and the minimal sequences 
necessary for efficient replication and packaging and DNA encoding cystic fibrosis 

35 tranmembrane conductance regulator. 

21 . The method of claim 20 wherein the gene therapy vector further comprises PGK 
promoter operably linked to the DNA encoding cystic fibrosis transmembrane conductance 
regulator. 
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22. The method of claim 1 7 wherein the gene therapy vector is an adenovirus-based gene 
therapy vector comprising an adenovirus genome which has been deleted for all E4 open 
reading frames, except open reading frame 6, and additionally comprising DNA encoding 

5 cystic fibrosis transmembrane conductance regulator. 

23. The method of claim 22 wherein the gene therapy vector ftirther comprises PGK 
promoter operably linked to the DNA encoding cystic fibrosis transmembrane conductance 
regulator. 

10 

24. The method of claim 17 wherein the gene therapy vector is an adenovirus-based gene 
therapy vector comprising an adenovirus genome which has been deleted for all E4 open 
reading frames, except open reading frame 6, and has been deleted for the Ela and Elb regions 
of the genome, which are involved in early stages of viral replication, and additionally 

15 comprising DNA encoding cystic fibrosis tranmembrane conductance regulator. 



25. The method of claim 24 wherein the gene therapy vector further comprises PGK 
promoter operably linked to the DNA encoding cystic fibrosis transmembrane conductance 
regulator. 
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STRATEGY FOR CONSTRUCTENG pKK- CFTRl 




Sph I / Pst I digestion 
Gel purify small fragment Gel purify large fragment 




ligaie 




Sph I /Sal I digestion 

t r 

Gel purify large fragmcni Gel purify small fragment 




ligaic 




Sph I 



Figure 2 



SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



PCT/US93/11667 



3/50 
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